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THE ULTRA-VIOLET ABSORPTION SPECTRA OF SOME 
METALLO-PORPHYRINS AND OF THEIR COMPOUNDS 
WITH GLOBIN 


by H. F. HOLDEN! 


(From the Walter and Eliza Hall Institute, Melbourne). 
(Accepted for publication 4th October, 1940.) 


Some vears ago Hill and Holden (1926) prepared globin, the native protein 
of oxyhaemoglobin, and described its combination with haematin to form methae- 
moglobin, with porphyrins to form porphyrin-globins and with some metallo- 
mesoporphyrins. They relied, in the main, on the change in the wave-lengths and 
appearance of the bands of the visible spectra as indications of combination having 
oceurred. These changes are very marked in the case of protoporphyrin and they 
attempted to titrate spectrophotometrically a solution of globin with both haema- 
tin and protoporphyrin with a view to establishing the stoicheiometrie relationship 
between the latter and globin. The reagents used were, however, too deleterious for 
the determination to be regarded as very satisfactory. Since then an improved 
method for the preparation of globin has been described by Anson and Mirsky 
(1930) and much work has been done on the physical constants of this protein. The 
spectroscopy of many porphyrins and their metallic complexes has also been in- 
vestigated, particularly in the visible region of the spectrum. The ultra-violet 
absorption has been less studied. Holden (1936), using an ultra-violet spectro- 
graph and rotating sector, studied the equilibrium between methaemoglobin, hae- 
matin and globin. Later he (1937) measured the ultra-violet absorption spectrum 
of protoporphyrin in the presence of globin and believed that the compound be- 
tween them was most stable near the neutral point. Owing to the slow speed of the 
available instrument a few determinations only could be made in a time considered 
reasonable on account of the instability of globin and of its rapid photo-decomposi- 
tion in the presence of porphyrins. 

An ultra-violet spectrophotometer incorporating an échelon cell has recently 
become available, which permits of much more rapid and satisfactory determina- 
tions of the absorption spectra of unstable substances. This paper describes 
measurements made with it on the spectra of some metallo-protoporphyrins in 
various solvents and in the presence of globin. An attempt was also made to de- 
termine the quantitative relationships between haemin, protoporphyrin and 
copper-protoporphyrin with reference to their power of combining with globin. 

Experimental. The globin used was that of the ox prepared by the method of Anson and 
Mirsky (1930). It is perhaps worth noting that a second extraction of the mass of denatured 
globin after the removal by filtration of the native globin solution gives a second yield which 
is frequently less contaminated with pigments and more stable than that first extracted. The 
globin solution was stored at pH 8 in the refrigerator and filtered immediately before use. 
Care was exercised to see that no solution whose absorption was to be measured showed any 
light scattering. The haemin used was recrystallized from pyridine-chloroform-glacial acetic 
acid. The protoporphyrin and its copper, nickel, cobalt and zine complexes were prepared as 
described by Fischer and Putzer (1926). The metallo-porphyrins were recrystallized from 
pyridine and glacial acetic acid. The addition of water to the suspension of protoporphyrin 
in pyridine, as described by the German workers, to increase the yield was not found as satis- 
factory as leaving the suspension of crystals in pyridine in a refrigerator overnight. By this 
means a better separation of the crystals from the tarry matter was obtaimed. The latter did 
not contain enough protoporphyrin to yield crystals of copper-protoporphyrin when an at- 
tempt was made to prepare it thus as suggested by Fischer and Putzer (1926). 








1 This work was aided by a grant from the National Health and Medical Research Council. 
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As a preliminary some determinations were made of the ultra-violet absorption spectrum 
of haematin in various solvents. . Hicks and Holden (1929) for their measurements on acid 
haematin in alcohol used some haemin crystals which had been extensively washed to remove 
impurities but which had not been recrystallized. A solution was accordingly prepared from 
recrystallized haemin in a manner similar to that previously employed. Owing to the shorter 
light path of the cell used it was, however, considerably more concentrated. It was found 
that the height of the main band was less than that measured with the presumably less pure 
material and, further, that the value obtained diminished rapidly on standing. Similar values 
were obtained with a sample of recrystallized material kindly furnished by Dr. Lemberg. <A 
series of determinations was therefore made on the absorption curve of acid haematin in aleo- 
hol with either sodium hydroxide or pyridine to effect the preliminary conversion of haemin 
to haematin. The concentration of haematin in the solutions actually measured was about 
0-015-0-02 mg. per ¢.c. It was of course accurately measured in each case. The results of 
these determinations appear in Table 1. Determinations were also made of the ultra-violet 
absorption spectrum of haematin in pyridine diluted with chloroform and in other solvents 
e.g. ethyl acetate and cellosolve. These last vielded no information of any interest, the pig- 
ment appearing to be entirely in the colloidal state. 


TABLE 1. 
The maximum absorption of haematin dissolved in alcoholic hydrochloric acid. 


A, The haemin was dissolved first in 0-1 N NaOH, 0-2 ¢.e. per mg. The brackets indicate 
sucessive determinations on one solution. 


Coneentration of Time in minutes 
HCl in gm. between making up the 

equivalent per litre. solution and photography. €10~ 
4 0-002 5 122 

.. & 120 57 

{ 0-002 5 124 

| a 35 107 

} m 65 50 
Ze 125 30 
0-0012 5 173 

{ 0-0008 5 170 

S. & 45 159 

{ = 120 123 
0-00025 5 153 
0-0022 5 153 
{0-001 5 160 
90 90 
0-02 5 146 
0-01 5 156 

{ 0-006 5 156 
a 90 75 


B. 2-45 mg. haemin first dissolved in 0-2 ¢.c. pyridine CHCls added to 10-0 ce. 0-6 ¢.¢. of 
this solution diluted to 5-0 ¢.¢. with 0-1 .N aleoholie hydrochlorie acid. 


{ 0-09 5 133 
ae 50 133 
, 170 133 
_ 280 124 


As Hill and Holden (1926) observed, protoporphyrin, when dissolved in dilute sodium 
hydroxide solution, does not react with globin. They poured a solution of protoporphyrin dis- 
solved in a mixture of acetic and sulphuric acids into a solution of globin made alkaline with 
sodium carbonate. In the present work protoporphyrin dissolved in alcoholic hydrochloric 
acid and in water containing a little pyridine and ammonia has been added to solutions of 
globin in order to effect the combination. The protoporphyrin compounds of copper, nickel 
and zine which are quite insoluble in dilute alkalies dissolve readily in water containing about 
6-8 p.c. pyridine and 0-4 p.c. ammonia. So dissolved they readily combine with globin. The 
solutions for measurements with the Hartridge spectrometer were prepared in the same way 
as these for ultra-violet spectrophotometry but were somewhat more concentrated. 
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Fig. 1. 
Protoporphyrin in alcoholic hydro- 
chlorie acid. 
Protoporphyrin in water. 
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where M Molecular weight of the pigment. ¢ 
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Fig. 2. 
Zine-protoporphyrin in pyridine- 
chloroform. 
oe —e Zine-protoporphyrin in water. 
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a Copper-protoporphyrin in 
pyridine-chloroform. 





——_e——-e Copper-protoporphyrin in 
water. 

—--o---o---— Copper-protoporphyrin- 
globin. 

— ——e—-—-e--—-— Copper-protoporphyrin with 


denatured globin. 
Ordinates represent €10™ 
Abscissae represent v10~* 
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log ~. (see legend to Fig. 1.) 
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Pig. 4. 
o- o—— Nickel-protoporphyrin in 
aleoholic hydrochloric 
acid. 
-— -@ —_e Nickel-protoporphyrin in 
water. 
—~—-o---o---— Nickel-protoporphyrin- 
globin. 
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The relative amounts of globin with which 
equivalent amounts of haematin, of copper- 
protoporphyrin and of protoporphyrin combine 
were determined by adding known amounts of 
the pigments to varying amounts of globin 
solution containing a little ammonia. The in- 
tensity of the absorption at suitable wave-lengths 
was read by means of a Kénig-Marten spectro- 
photometer. The results indicated that while 
the first two pigments required about equal 
amounts of globin the protoporphyrin required 
only about half as much. 


100F 


DISCUSSION. 

The results set out in Table 1 show that 
haematin dissolved in organic solvents 
has a tendeney to aggregate in particles 
having an ultra-violet absorption spec- 
trum with the low diffuse band of haema- 
tin dissolved in water, whether in alkaline 
solution or with the help of a protective 
colloid as e.g. ‘‘acid haematin’’. This 
aggregating process appears to be promo- 
ted by the presence of inorganic ions, and 
the highest absorption coefficients were ob- 
tained in the presence of about 0-001 N. 
hydrochloric acid, when the haemin was 
35 Boo first converted to /haematin by sodium 

Fig. 5. hydroxide. The height of the band how- 
diisvscips ies ttamainiaaiiiaditiiaie ever diminished very considerably in the 
in pyridine-chloroform. course of two hours. At the same time the 
Cobalt-protoporphyrin frequency of the head of the band ap- 
in water. proached that of acid haematin in water. 
~-o- ~-o0-—=— Cobalt-protoporphyrin- In the presence of higher concentrations 
globin. of acid the fall was more rapid. The tem- 
Ordinates represent €10~ perature of the laboratory during these 
Abscissae represent 10™™ experiments was about 25° C. When the 
c= M log _-_ legend to Fig. 1.) haemin was first dissolved in a mixture of 
pyridine and chloroform the initial height 
ot the band was less than when sodium 
hydroxide was used, but the fall was less pronounced. A similar decrease was ob- 
served in the cases of copper and nickel. In the case of cobalt protoporphyrin, 
whose molecules showed in general less tendency to aggregate, a small decrease was 
seen when it had been dissolved in ammonia but none when it had been dissolved 
in the pyridine-chloroform mixture. It must not be forgotten that, from necessity, 
the other metallo-porphyrins were dissolved under those conditions under which 
haematin showed the slowest decrease in the height of the band. The relatively 
high band of protoporphyrin when in solution in aleoholic hydrochlorie acid and 
the absence of any change in the band on standing suggest that in this solvent the 
porphyrin exists chiefly in the molecular state. 

A comparison of the frequencies of the main bands of the ultra-violet spectra 
show definite divergences. In aqueous solution the bands of cobalt and of zine pro- 
toporphyrins lie near to the band of oxyhaemoglobin while those of the other de- 
rivatives lie near that of haematin. On standing in aqueous solution the band of 
copper protoporphyrin diminished as did that of nickel, while those of cobalt and 
zine protoporphyrins showed no measure ble diminution during a similar period. 


SOF 
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The bands of the globin compounds fall into two groups separated by over 150A. 
The one group includes those of cobalt, zine and ferrous protoporphyrins ; the other 
those of protoporphyrin and its ferric, copper and nickel complexes. 

TABLE 2. 


The chief ultra-violet absorption band. Wavelengths and absorption coefficients. 


Proto- Cu-proto- Ni-proto Co-proto- Zn-proto- Fe”-proto- Fe” -pro o- 
porphyrin porphyrin porphyrin porphyrin porphyrin porphyrin porphyrin 
Solvent. AA €l0™ AA €10™ AA ©1077 AA €l10™ AA €l10™ AA €10™ AA el 
Water 3,750 62 3,825 108 3,785 99 4,160 112 4,040 83 3,935 44 3,850 ) 
Pyridine- 
chloroform 4,045 120 4,020 194 3,965 161 4,220 109 4,200 217 — — 4,015 8 
Aleoholie HCl 4,105 197 3,975. 167 3,960 161 4,180 102 — - _-_ — 3,960 173 


Globin solution 4,020 114 4,005 139 3,950 136 4,190 110 4,200 194 4,200 123 4,040 
20 p.e. pyridine 
in water 4,030 104 — ae _- — —_ — — — — 
Denatured 
globin solution 4,070 74 3,920 100 - -— -- = —- -— 4,240 110 = 
In aqueous solution only Co-pph and Zn-pph have any considerable proportion in the state of 
single molecules. The band of reduced haematin is low and broad like that of alkaline haematin, 
though of somewhat longer wavelength. The band of haematin in pyridine-chloroform shows a 
small proportion in the state of free molecules. The values for haematin, reduced haematin and for 
protoporphyrin-denatured globin are added for comparison from previous work. 


The metallo-porphyrin globin compounds appeared to be quite stable for some 
hours even in solutions as alkaline as pI! 9-5. Repeated photographs revealed no 
diminution in the height of the main ultra-violet band, and the height of the band 
when combination was effected at pH 9-5—-10 was as great as when combination was 
effected at pH 8-8-5. 

The a bands of the visible spectra of these metallo-protoporphyrins differ from 
those of the corresponding globin compounds by an amount which depends on the 
metal present and which falls more or less in line with the other indications of the 
degree of association of the free metallo-porphyrin. Except in the ease of zine the 
a bands of the globin compounds have a shorter wave-length than those of the eor- 
responding free metallo-protoporphyrins. That of zine is 20A longer. The differ- 
ence between zine protoporphyrin and its globin compound is, however, unmistak- 
able from the relative sharpness of the bands of the latter, its enhanced transmission 
in the green region and the difference in the ultra-violet absorption spectra. 


TABLE 3. 
The bands of the visible spectra. Wavelengths in mu. 


Cu-proto- Ni-proto- Co-proto- Zu-proto- 
Solvent. Protoporphyrin. porphyrin. porphyrin. porphyrin. porphyrin. 
a B ¥ 6 a pB a B a p a 3 
Water 636 578 538 567 527 573 536 586 547 
Pyridine-chloroform 631 576 560 507 571 533 564 524 571 535 589 549 
Aleoholic HC! 610 568 570 532 560 521 569 534 —_ — 
Globin solution 622 568 543 509 569 530 559 520 568 533 587 549 


Except in the case of zine, and of acid protoporphyrin the wavelength of the bands de- 
creases in the order water-chloroform, alcoholic HCl, globin, suggesting parallel changes in the 
degree of association of the molecules or of interference with one another’s absorption. The 
positions of the bands of alkaline protoporphyrin show great variations with varying concen- 
trations of neutral salts and values still further to the red are frequently noted. 


The absorption spectrum of protoporphyrin dissolved in aleoholie hydro- 
chlori¢ acid differs greatly from that of the porphyrin dissolved in water contain- 
ing a little ammonia and pyridine. Even when dissolved in 20 p.c. pyridine in 
water its spectrum suggests that perhaps only half of its molecules are indepen- 
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dent, while in the solution containing little pyridine very few can be so. Notwith- 
standing this, when protoporphyrin so dissolved is added to globin as much proto- 
porphyrin globin appears to be formed as when the protoporphyrin is dissolved in 
alcoholic hydrochloric acid. It is also certain that protoporphyrin readily assumes 
a form that does not react at all with globin but whose spectrum differs from that 
of the form in pyridine-ammonia chiefly in some decrease in the height of the ultra- 
violet band and an increase in the wave-lengths of the visible bands. The inter- 
mediate form seems to be in some way comparable with the state of alkaline haematin, 
in which a very small amount of independent molecules appears to be in dynamic 
equilibrium with a large portion which is aggregated but capable of dissociation 
when the equilibrium is in any way disturbed. It would appear, however, that only 
about half the protoporphyrin exists in this intermediate form, and this view is 
borne out by the speetrophotometric titrations of it and haematin against the same 
solution of globin. 


Ppha Zna Cua Coa Nia ZnB Cos Cus Nig 


Globin 
Aleoholie HCI 


Pyridine- 
Chloroform 


Water 





640 600 560 Cu Co 520 


Fig. 6. 


The visible spectra of protoporphyrin and some metallo-protoporphyrins. See Table 3. 

The figures below the graph represent wavelengths in mg. Except for the one instance 
noted below the graph the bands in all the solvents follow the order above the graph. 
Pph = protoporphyrin. The elementary symbols refer to the metallo-protoporphyrin yielding 
the bands. a and 8 indicate the a and £ bands of the visible spectrum. 

This class of work still suffers much from lack of a suitable solvent for the pigments used 
which accounts, in part, for the paucity of experiments in this field and renders the interpre- 
tation of many results very difficult. Pyridine, except in minute concentration, is so de- 
leterious to native proteins and to globin in particular that its use seemed excluded. The 
same is true of alcohol. The combined effects of low concentrations of pyridine and ammonia 
in water in dissolving metallo-protoporphyrins rendered these experiments possible. Th 
general about 0-25 ¢.c. of 12 p.c. aqueous pyridine and 0-15 ¢.c. of normal ammonia readily 
dissolved a milligramme of any of the pigments studied, which would have required several 
times as concentrated a pyridine solution alone and which were totally insoluble in aqueous 
alkalies. It is interesting to notice indications of compounds analogous to haemochromogens 
on the part of manganese mesoporphyrin (Clark, 1938), and it is difficult to avoid the idea 
of some such compounds existing among the metallo-protoporphyrins. If so they appear to 
differ sharply from ferro-haemochremogens in solubility. The diminution in the height of the 
absorption band of protoporphyrin globin in alkaline solution has again been observed when 
the porphyrin was added in alcoholic solution but not when added in pyridine-ammonia 
water. It would seem probable that it must be attributed to the known enhanced denaturant 
effect of alcohol in alkaline solution. None of the metallo-porphyrins showed a similar effect. 


Whatever be the part played by the iron atom, apart from its power of uniting 
with gases, in linking the porphyrin molecule to globin it would appear possible to 
form compounds essentially similar to haemoglobin with other metals in place of 
iron, or indeed without anv metal at all. 


SUMMARY. 


The ultra-violet absorption bands of the protoporphyrin compounds of copper, 
nickel, cobalt and zine are measured in organic solvents, in water, and in the pre- 
sence of globin. The significance of the differences in the spectra is discussed. 
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APPENDIX. 
DETAILS OF SOLUTIONS FOR PHOTOGRAPHY. 
Throughout this section the following abbreviations are used: 
Pph = protoporphyrin. 
Ale. HCl = 1 ¢.c. concentrated aqueous hydrochlori¢ acid diluted to 100 ¢.c. with absolute alcohol. 
NHz = 1 ¢.c. +880 ammonia diluted to 20 ¢.c. with water. 
Globin = a solution of ox globin of approximately 0-5 p.e. 
Py = pyridine. 
Fig. 1. 2-21 mg. pph in 100 ¢.c. ale. HCI. 
3°47 mg. pph, 0-8 ¢.c., 12 p.c. py in H,O, 0-4 ¢.¢. NHg, HO to 10-0 
0-8 c.c. stock, HoO to 10-0 ¢.c., pH 9-4. 
0-8 c.e. stock, 2 ¢.c. globin H.O to 10-0 ¢.¢., pH 8-9. 
Fig. 2. 0-93 mg. Zn-pph dissolved in 0-5 ¢.¢. 20 p.c. py in CHCls, add CHCl, to 10-0 ¢.¢. = stock. 


0-9 ec. stock, CHCl, to 5-0 e.c. 


1-27 mg. Zn-pph, 0-3 ¢.e. 12 p.c. py in HO, 0-2 ec. NHg, HoO to 10-0 ec. 


2-0 e.e. stock, H2O to 10-0 ©.c., pH 9-8. 
2-0 e.c. stock 2-0 ¢.c. globin, H.O to 10 ¢.¢c., pH 8°3. 

Fig. 3. 1-46 mg. Cu-pph, 0-2 ¢.c. py, CHCl, to 10-0 ce. stock. 
0-8 ee. stock, CHCl, to 5-0 ¢.c. 


1-22 mg. Cu-pph, 0-3 ¢.e. 12 p.c. py in H.O, 0-2 ¢.c. NH, H.O to 10-0 ee, 


2-0 ee. stock, HO to 10-0 ¢.c., pH 9-6. 
2-0 e.e. stock, 2-0 ¢.c. globin, H.O to 10-0 ¢.¢., pH 8-1. 


1-09 mg. Cu-pph, 0-3 ¢.c. 12 p.e. py in HO, 0-2 ¢.c. NHg, HO to 10-0 ee. 


the denatured globin solution contained 4-6 mg. denatured rabbit globin per ¢.c¢. in 


0-01 N HCl. 


1-0 ¢.e. denatured globin solution, 0-5 ¢.c. NH, 1-0 ¢.. stock, H2O to 5-0 ©.c., pH 10-6, 
Fig. 4. 1-35 mg. Ni-pph, 0-2 ¢.c. py, CHCl, to 10-0 ¢.c. = stock. 

1-0 ee. stock, ale. HCl to 5-0 ee. 

1-51 mg. Ni-pph, 0-4 ¢.c. 12 p.c. py in H.O, 0-2 ee. NHz, HO to 10-0 ee. 

1-6 e.c. stock, H,O to 10-0 ce. 

1-6 e.e. stock, 1-0 ¢.c. NHa, 2 ¢.c. globin, HO to 10-0 e.¢. 
Fig. 5. 1-41 mg. Co-pph, 0-2 ¢.c. py, CHCl, to 10-0 ¢.c. = stock, 

0-8 ec. stock, CHCl, to 5-0 e.e. 

0-98 mg. Co-pph, 0-4 ¢.c. NHs;, H.O to 10-0 ¢.c, = stock. 

1 ¢.c. stock, H,O to 5-0 ¢.c. 


1 c.e. stock, 1 ¢.c. globin, H.O to 5-0 e.c. 
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The aand £ toxins or haemolysins of staphylococci have recently received much 
attention. They occur in cell-free filtrates, and are antigenically distinct (Glenny 
and Stevens, 1935; Bryce and Rountree, 1936). The a toxin lyses rabbit and sheep 
red blood cells at 37° C.; Morgan and Graydon (1936) demonstrated two com- 
ponents, al and a2, recognizable by their different combining powers with anti- 
toxins containing different proportions of the respective antibodies. The 8 toxin 
does not lyse rabbit cells and only lyses sheep cells when incubation at 37° C,. is 
followed by refrigeration. This action of the 8 toxin on sheep cells is called ‘*‘ hot- 
cold”’ lysis. 


Bryce and Rountree used ‘‘spot-inoculation’’ of sheep bloed agar plates to identify the 
toxins of staphylococci. After 18—24 hours’ incubation at 37° C., colonies of a toxin-producers 
were surrounded by a zone of complete clearing; 8 toxin-producers were surrounded by a zone 
of darkening which became lighter on refrigeration. Strains producing both toxins showed a 
combination of these two effects, an inner zone of complete clearing surrounded by a darker 
zone Which became lighter on cooling. 

Oreutt and Howe (1922) found evidence of lipase-production by staphylococci on blood 
agar plates containing cream. Colonies of certain staphylococci were surrounded by a zone 
of clearing although no haemolysis was visible when the organisms were grown on blood agar 
plates without cream. They showed that staphylococci may form an extra-cellular thermo- 
labile enzyme which hydrolyses butter-fat, and that the fatty acid (or soap) formed produces 
the haemolysis on cream blood agar shown by these strains. 

Birch-Hirsehfeld (1937), using hydrolysis of tributyrin to estimate lipase and sheep cell 
lysis to estimate haemolysin, examined the relationship between lipase and haemolysin pro- 
duction by 13 strains of staphylococci. The ratio between the amounts of lipase and haemo 
Ivsin was fairly constant, from which it was deduced that they had a common origin. 

Observations made in this laboratory on the lipolytic and haemolytic power of staphy- 
lococci are interesting in view of possible interpretations they offer concerning the action of 
a toxin, 8 toxin and lipase on sheep red cells. 

In the following report the phrase ‘‘zone of $8 haemolysis’’, unless otherwise indicated by 
the context, refers to the zone of darkening produced on sheep blood agar by 8 toxin, although, 
strictly speaking, this is not a zone of lvsis. 


Experiments and Results. 


(a) Detection of lipase production by staphylococci. Blood agar plates, containing 0-2 
p.c. cream, were inoculated with various strains of staphylococci and incubated at 37° C. 
Control plates without cream were similarly treated. Lipase-production, as indicated by 
increased haemolysis on the plates containing cream was quite distinct with some strains, less 
so with others. Incubation for more than 24 hours was usually necessary before any increase 
became apparent. Horse and rabbit blood indicated lipase-production earlier than sheep or 
human blood. 

Uncertain results were obtained with strongly haemolytic strains producing only a small 
quantity of lipase. 

More direct and less equivocal results were obtained with nutrient agar plates containing 
0-1 p.c. washed butter-fat and 0-005 p.c. neutral red. The butter-fat was washed six times by 
shaking with hot water and centrifuging. On this medium fat hydrolysis was indicated by 2 
zone round each colony (Fig. 1), in which the fat particles were red, whereas those in the rest 
of the medium were yellow. Twenty-four pathogenic and twenty-four non-pathogenic strains 
(using ability to coagulate plasma as the criterion of pathogenicity) were cultivated on these 
plates and examined daily for nine days. With most lipolytic strains red zones appeared 
within two days, with others not until the fourth day; no appreciable increase oecurred after 
the fifth day. The haemolytic power of the strains was determined from the appearance of 
their colonies on sheep-blood agar after 24 hours’ incubation at 37° C. and 18 hours’ refrigera- 





10 R. CHRISTIE anp J. J. GRAYDON 
tion at 4° C. The results of these tests are shown in Table 1. Lipase is produced indepen- 
dently of haemolysin and appears.to have no connection with pathogenicity. 


TABLE 1. 
Results of haemolysin and lipase tests, with number of strains in each group. 


Non-pathogenic 


Pathogenic strains. strains. Total. 
Type of haemolysis a ap B Nil Nil 
Lipase positive 7 12 ~ ] 17 37 
z Lipase negative ] ] 1 ] 7 11 
Total 8 13 I 2 24 48 


Lipolytice activity was much more marked with strain S36 than with any other. Since 
this strain plaved a large part in the experiments which followed, its other characteristics 
were examined. 

(b) Particulars of strain S36. This organism, though pigmented, was apparently a non 
pathogen. It produced little or no haemolysis on sheep-blood agar after 24 hours’ incubation 
at 37° C. Noa or 8 toxin was detected when it was grown under increased CO. tension in 
broth containing 0-1 p.c. agar. It did not ferment mannitol, was not agglutinated by anti- 
sera prepared from serological types of pathogenic strains and did not coagulate plasma 





Fig. 1. Fig. 2. Fig. 3. 


Fig. 1. Colony of a lipolytic staphylococcus (strain S36) on butter-fat neutral red agar 
after 48 hours’ incubation at 37° C. The dark particles (actually red) consist of butter-fat 
partly hydrolysed by lipase. 

Fig. 2. (a) A colony of staphylococci (strain S32a) on sheep blood agar surrounded by 
two concentric zones of 8 haemolysis. Four colonies of a non-haemolytice lipolytic staphylo 
coceus (strain S36) are causing clearing in these zones. Three colonies of strain S36 pro 
ducing no haemolysis appear in the toxin-free parts of the plate. 

(b) Colony of staphylococci on sheep blood agar showing a clear zone of a haemolysis 
surrounded by two zones of 6 haemolysis. Three colonies of strain S56 appear in the zones of 
8 haemolysis. 

(c) A colony of a toxin-producing staphylococci (strain S210) on sheep blood agar show 
ing three colonies of strain S36 within the area affected by a toxin. 

(d) Colony of staphylococci on sheep blood agar showing a large zone of a haemolysis 
surrounded by a zone of 8 haemolysis. Three colonies of strain S86 appear within the zones 
of haemolysis. 

Fig. 3. Colony of staphylococci (strain S32a) on sheep blood agar, surrounded by a large 
zone of B haemolysis showing the clearing caused within this zone by the lipase from the 
colony of lipolytic staphylococci (strain 836). 
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Injected intravenously and intraperitoneally into rabbits and mice in large doses it produced 
no ill effect. It showed some relationship to the pathogenic staphylococci in its suscepti 
bility to lysis by the staphylococcal bacteriophages, Au 1, Au Il, Au IIf and Au TV (Burnet 
and Lush, 1935). 

Its lytic action on red cells in cream blood agar was not due to fermentation of lactose or 
casein present, since it did not ferment lactose, gave no zone of clearing on fat-free milk agar 
such as proteolytic strains produce, and did not liquefy gelatine (28 days allowed). 

(c) The effect of staphylococcal lipase on sheep red cells pre viously altered by 3 lovin. 
One strain (S32a, received from Dr. L. M. Bryce) producing § toxin but no a toxin showed no 
signs of lipolytic activity when tested by the method of Oreutt and Howe or when grown on 
butter-fat agar. A mixed suspension of this strain and the lipolytic strain 836 was plated out 
on sheep-blood agar. After 24 hours’ incubation typical zones of 6 haemolysis formed round 
the colonies of S32a. No haemolysis showed round the colonies of S36 in the parts of the 
medium free of 8 toxin, but when within zones of 3 haemolysis they were surrounded by an 
area of clearing. 





Fig. 4. Fig. 5. Fig. 6. 


Fig. 4. Colony of staphylococci (strain S32a) on sheep blood agar surrounded by zones 
of 8 haemolysis, showing the clearing caused within these zones by a non-haemolytic air 
borne cocco-bacillus. Five colonies of the latter appear. 

Fig. 5. Colony of staphylococci (strain S32a) on sheep blood agar surrounded by two 
zones of 8 haemolysis. Five colonies of a strain (S210) producing a toxin show zones otf 
clearing only when they are beyond the area of § haemolysis. 

Fig. 6. Colony of a toxin-producing staphylococci (strain S210) on sheep blood agar with 
two colonies of 8 toxin-producing staphylococci (strain Ss2a) showing the extra clearing pro 
duced where 8 toxin acts on cells already affected by a toxin. 


Fig. 2(a) illustrates such an effect. The growth in the centre is from strain S32a. It is 
surrounded by two concentric zones of 8 haemolysis. The inner one was formed within 24 
hours, and was partly lightened by the cooling which occurred when the plate was withdrawn 
from the incubator for examination and spot-inoculation with strain S36. Three colonies of 
S36 showing clear zones round them can be seen within the area affected by 8B haemolysin. A 
fourth colony on the outer edge of the 8 zone shows clearing only on the segment falling within 
that zone, with no change in the medium on the other side of the colony. Three colonies of 
$36, which can be seen on toxin-free parts of the medium in Fig. 2 show no haemolysis. 
Clearing round colonies of S36 also occurred within the zones of 8 haemolysis surrounding 
colonies of af strains (Fig. 2, b and d). 

Fig. 3 shows the effect produced when an otherwise invisible zone of lipase overlapped a 
zone of 8 haemolysis. The lipase lysed the cells affected by 8 toxin but did not lyse normal 
cells. This plate also shows the lightening in colour of the cells within the zone of B haemo 
lvsis which occurred on partial cooling. 

Since the combined action on sheep red cells of 8 toxin and the exudate from the lipolytic 
non-toxigenie strain gave a result resembling the action of a toxin, the possibility that this 
exudate converted 8 toxin into a toxin was examined. Strains S32a and S36 were grown 





Series 


Series 


Series 
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separately and together, for four days, under increased CO, tension in broth containing 0-1] 
p.c. agar. The cultures, after centrifugation, were titrated against rabbit and sheep red cells. 
The absence of a toxin was indicated by the absence of rabbit-cell lvsin in all the filtrates. 
The presence of £8 toxin, indicated by sheep cell lysis after one hour’s incubation followed 
by refrigeration, was demonstrated in the mixed culture and in the pure culture of strain S32a. 
The centrifugates of the two pure cultures were then mixed, filtered through a collodion mem 
brane (pore size 380mu) and incubated overnight at 37° C. Titration against rabbit and sheep 
cells showed the presence of 6 toxin only. 

A skin staphylococcus, strain $205, although non-lipolytic, produced clearing in zones of 6 
haemolysis. This suggested that the exudate responsible for the clearing produced by strain 
536 was not necessarily lipase. However, comparison of strains S205 and 836 indicated that 
the clearing caused by the former was due to a different action. The following points of dif 
ference were noted: (1) Strain $205 liquefied gelatin whereas S36 did not. (2) The zones of 
clearing produced by 836 in zones of 8 haemolysis were faintly opaque and had an indefinite 
boundary, whilst those produced by S205 were glassy clear and had a sharp boundary. Many 
air-borne chromogenic bacilli also produce glassy clear, sharply defined zones of clearing in 
zones of 8 haemolysis (Fig. +); two such strains were examined and found to be proteolytic 
but not lipolytic. (3) Strain S205 and these two air-borne bacilli caused clearing in zones of 
partial haemolysis round colonies of Cl. welchii on sheep blood agar, whereas strain S36 
caused no clearing whatever. Results obtained with lipolytic and non-lipolytie a toxin 
producing strains (Section (e)) agreed with the hypothesis that lipase caused clearing in 
zones of 8 haemolysis. The conclusion, therefore, was that the clearing produced by S36 was 
lipolytic in nature, and that produced by S205 was probably due to proteolysis. 

(d) Effect of staphylococcal lipase on celis already attacked by a toxin. An a toxin 
producing strain, $210, non-lipolytic when tested on cream blood agar or butter-fat agar, was 
spot-inoculated on sheep blood agar. After 24 hours’ incubation at 37° C. the growth was sur- 
rounded by a zone of a lysis. This zone was almost colourless but had a slight opacity and an 
indefinite boundary. Microscopic examination showed that there were no red cells immedi 
ately surrounding the colony, and that the number of cells remaining within the zone of a 
lysis increased with distance from the colony until unaltered medium was reached. 

The lipolytic strain, 8386, was inoculated on and near this zone of clearing and a further 
24 hours’ incubation at 37° C. allowed. No increase of clearing was observed (Fig. 2c). This 
indicated that the modification in the cell induced by 8 toxin was not merely an incomplete 
stage of that induced by a toxin. 


TABLE 2. 


Results of haemolysin titrations showing the inhibitory effect of B toxin on the lytic action of 
a torin on sheep red ce lls. 


Series I. Eight drops of each diluted preparation of 8 toxin were added to the corresponding 
tube. One drop of 10 p.c. sheep red cell suspension was added to each tube. After one hour’s 
incubation at 37° C., one drop of saline was added to each tube. 

Haemolysis after one hour’s further incubation at 37° C. is shown in row H (= hot). 

Haemolysis after overnight refrigeration is shown in row C (= cold). 

Series II. Similar to the above except that one drop of a toxin was added in place of one 
drop of saline. 

Series III. Similar to Series II except that the drop of a toxin was added to each tube 
immediately prior to the addition of the drop of sheep cell suspension. Readings were made after 
one hour at 37° C. and after overnight refrigeration. 


Final dilution of 8 toxin. 
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(e) Inhibition of a haemolysis by 8 toxin. A zone of 8 haemolysis was produced on sheep 
blood agar by inoculating with strain S32a and incubating for 24 hours. The non-lipolytice o 
toxin-producing strain, S210, was inoculated on and near this zone. After 24 hours’ further 
incubation the colonies of S210 were surrounded by typical zones of a haemolysis only when 
they were beyond the zone of 8 haemolysis; when within the zone of 8 haemolysis there was 
no sign of clearing round them (Fig. 5). Even after refrigeration overnight no indications 
of lytic action due to a toxin occurred round the colonies of $210 within the partly lysed zone 
of 8 haemolysis. 

A lipolytic strain, S61, which produced a toxin but no § toxin, was treated in the same 
wiy as strain 8210. Its colonies were surrounded by large typical zones of a lysis when thev 
oceurred in medium free of 8 toxin; colonies situated within 8 areas had much smaller zones 
due to the action of the lipase produced by strain S61. 

Inhibition of a haemolysis by § toxin was also demonstrated in test-tube experiments 
using cell-free filtrates. Efght drops ef successive doubling dilutions of 6 toxin were added 
toa row of 34 in. x 4 in. test-tubes. One drop of 10 p.c. washed sheep cell suspension was added 
to each tube and the rack placed in a water-bath at 37° C. After an hour one drop of saline 
was added to each tube. Readings of haemolysis were made after incubation for another 
hour and again after over-night refrigeration. A second row was prepared like the first, but 
with one drop of a diluted a toxin substituted for the drop of saline. (The amount of a toxin 
added was shown by preliminary titration to be double that required to lyse the cells com- 
pletely.) <A third series of tests was performed in which the a toxin was added to the 8 toxin 
preparations just prior to the addition of the cell suspension. 

The results are shown in Table 2. Haemolysis occurring after one hour’s incubation at 
37° C. was due to the action of a toxin. Further haemolysis on cooling indicated the action of 
8 toxin. The results in Series | showed the degree to which the 8 toxin could be diluted before 
it ceased to cause ‘*hot-cold’’ lysis. The results in Series I] showed that the a toxin could 
only lyse the cells previously treated with 8 toxin when the concentration of the latter was 
too low to affect them. Series II1] showed that the mere presence of 8 toxin did not inhibit the 
lytic action of a toxin. 


(f) Effect of 6 toxin on cells already attacked by a torin. The a toxin-producing strain, 
$210, was inoculated on sheep blood agar. After 24 hours’ incubation at 37° C. a zone of 
clearing with the slight opacity and indefinite boundary described in Section (d) appeared 
around the colony. The § toxin-producing strain S32a was inoculated on the medium near 
this zone. After 24 hours’ further incubation at 57° C. a zone of 8 haemolysis had formed 
round the growth from strain S32a. This zone overlapped the zone of a lysis. The overlapped 
area was distinct from the remainder of the zone round each growth in that it was glassy- 
clear. The are of the circumference of the zone of 8 haemolysis in this area was sharply 
defined by the contrast between the opacity present in the zone of a lysis on the outside and 
the glassy clearness within (Fig. 6). On microscopical examination, the area which appeared 
glassy-clear to the naked eye was slightly opaque, but there were no unlysed cells present as 
in the normal zone of a lysis. That 8 toxin could lyse such cells showed that some change had 
been induced in them by a toxin since 8 toxin will not lyse normal sheep red cells at 37° C. 

It was also noticed that the zones of a lysis occurring on sheep blood agar round colonies 
of af strains differed from those round colonies of a strains producing no 8 toxin; they were 
glassy-clear, had a sharp boundary. Such zones therefore should not be regarded as zones of 
a lysis but of (a +8) lysis. 

The action of 8 toxin in augmenting the action of a toxin on sheep cells was also shown 
using cell-free filtrates. A drop of a toxin produced a slightly opaque zone of clearing on a 
sheep blood-agar plate after one hour at 37° C. A drop of 8 toxin was allowed to fall on the 
edge of this zone. After one hour’s further incubation the area of a lysis overlapped by the 
drop of 8 toxin was much clearer than the area of a lysis alone. 


(g) The action of the toxins on the colouring matter of the red cells. Several small experi- 
ments showed that the loss of colour in zones of a lysis round colonies on blood agar was partly 
or completely inhibited when diffusion of haemoglobin from these zones was prevented. No 
visible change occurred around colonies grown on lysed blood agar plates. A blood agar plate 
flooded with a toxin showed complete lysis but no loss of colour. Rigdon (1939) reported that 
staphylococcal toxin had no effect on lysed blood agar, although it caused areas of clearing on 
normal blood agar. 

Spectroscopic examination of a sheep red cell suspension lysed by a toxin did not show 
absorption bands of altered haemoglobin. A red cell suspension treated at 37° C. for one hour 
with 8 toxin, and also a saline extract from sheep blood agar which had been discoloured by 
treatment for one hour with 8 toxin, showed no indication of the presence of altered haemo- 
globin. However, a red cell suspension left in contact with 8 toxin at 37° C. overnight and 
then lysed by cooling showed the absorption bands of methaemoglobin. It seems probable 
that this methaemoglobin resulted from some secondary reaction not necessarily involving 
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the toxin. When a zone of 8 haemolysis on sheep blood agar is viewed obliquely by reflected 
light it appears lighter than the rest of the medium, suggesting that the darkening seen with 
transmitted light is due to a change in the opacity of the cells rather than to an alteration in 
the colouring matter. 

DISCUSSION, 


As Rigdon has reported, staphylococcal a toxin does not attack the haemo- 
globin of the red cell. The loss of colour which occurs round colonies of staphy 
locoeei on blood agar is due to diffusion of the liberated haemoglobin into the sur- 
rounding medium in a manner similar to that deseribed by Brown (1919) to ex- 
plain the clearing round colonies of streptococci. The destruction of haemoglobin 
found by Clauberg (1929) in test-tube experiments, by which he explained the 
clearing on blood agar, was possibly due to further bacterial action. 

From general considerations it would appear that a and 8 toxins are somewhat 
similar substances, capable of linking up with some substrate in the cell envelope. 
This occurs primarily as an adsorption (Levine, 1938; Forssman, 1939), following 
which the mutual relationship between the protein and lipoid of the cell envelope 
is modified according to the nature of the toxin. The @ toxin alters the protein 
lipoidal material so that it is susceptible to staphylococcal lipase and to some 
proteolytic enzymes having no apparcnt effect on the normal cell. That cells 
treated with B toxin are no longer lvsed by a toxin mav be due to this alteration in 
the substrate normally attacked by a toxin. It could also be explained by assuming 
that the 8 toxin has occupied most of the available linkages in the substrate, leaving 
insufficient points of attack for the a toxin. Such an explanation has a parallel in 
the case of inhibited adsorption catalysis and in the ‘* blockade immunity’’ hypo- 
thesis evolved to explain the action of weakly lytic bacteriophages in protecting 
against related and more potent bacteriophages (White, 1937). A further possi- 
bility is that, after attack by @ toxin, the permeability of the envelope is so altered 
that a toxin is prevented from reaching the internal structure of the envelope, 
which we must then presume to be its point of attack. The change in the opacity of 
the cell wall and the subsequent formation of methaemoglobin, though not incon- 
sistent with either of the other theories, support the theory of altered permeability. 
From experiments with toxie filtrates on sheep blood agar, it appears that the 
action of 8 toxin on the envelopes of the red cells is completed rapidly. This con- 
clusion is supported by the almost instantaneous lysis which follows rapid cooling 
of a suspension of sheep cells treated for one hour with 8 toxin. This lysis seems to 
be the result of a secondary change, possibly purely physical, and not caused by 
further action of the toxin. 

The microscopic examination of red cell suspensions and of blood agar plates 
treated with a toxin shows that there is a variation in the resistance of individual 
cells to haemolysis. The resistant cells are altered, however, by the a toxin so that 
they are haemolysed by 8 toxin. This increase in the haemolytic power of 8 toxin 
suggests the presence of an activator, possibly the lecithin of the cell, which exerts 
a markedly accelerating effect on haemolysis of red cells, as demonstrated with 
snake venoms and certain other haemolytic agents (Herrmann and Rohner, 1925; 
Kellaway and Williams, 1933). 

Our results showing the effect of these staphylococeal exudates on sheep red 
cells may be summarized diagrammatically as under: 
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a toxin 
iasaiadiansiieai taken nian toatl —__———— > Lysis 


_—_— ienpnidinainnaincanemesiitas —_—-———> No lysis 
Refrigeration 
om —-—————> Lysis 


«. toxin 
—_——— > No lysis 





| 
| 
! 
8 toxin at 37° C. Lipase 
Pr & - ———> P, ts ————— > Lysis 
Protease 
- —————> Lysis 
B toxin 
; —— — Lysis 
Dilute a toxin Lipase 
" =" p, 1 —_———— > No lysis 
Protease 
q ————— > No lysis 
a represents the normal sheep red cell. 
I | | 
P. L represents the sheep red cell with protein-lipoid relationship modified by 8 toxin. 
p, 1 represents the sheep red cell with protein-lipoid modified by a toxin. 


Our inability to confirm the correlation found by Birch-Hirschfeld between 
lipase and haemolysin production may be due to the larger number of strains in 
our series or to differences in technique. 


SUMMARY. 


A simple method of detecting lipase production by staphylococci is described. 

In an examination of 48 strains of staphylococci, lipase was produced inde- 
pendently of haemolysin. There was no correlation between lipase production and 
pathogenicity. 

Using blood agar plates it was shown that staphylococcal lipase will lyse sheep 
red cells treated with staphylococcal 8 toxin, although it will not lyse normal sheep 
red cells; it does not augment the lytic action of staphylococeal a toxin. 

Using blood agar plates and also by test-tube experiments with toxie filtrates 
it was shown that sheep red cells, after treatment with staphylococcal 8 toxin, are 
resistant to the lytie action of staphylococcal a toxin. 

On the other hand it was shown that under suitable conditions staphylococeal 
8 toxin, which does not lyse normal sheep cells, will lyse sheep cells previously 
treated with a toxin. 

The mode of action of staphylococcal toxins on sheep red cells is discussed. 
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In infections by Cl. welchii type A much of the resulting damage to the tissues 
must be attributed to the action of the toxin, which injected intravenously into 
animals causes petechial haemorrhages in the heart and alimentary tract, and 
sometimes haemorrhagic oedema of the lungs. The toxin is haemolytic in vivo and 
in vitro, and injected locally causes necrosis in skin and muscle, and oedema, often 
haemorrhagic, in the subcutaneous tissues. The toxin of Cl. welchii type D, which 
causes similar injuries to the tissues, liberates histamine and adenyl compounds 
from perfused organs (lung and liver) and adrenalin from the suprarenal glands 
of the intact animal (Kellaway, Trethewie and Turner (1940)). In general, 
poisons and toxins which cause cell injury also cause contraction of smooth muscle 
and the active substances liberated by injury contribute, in some cases at least. to 
the contraction. Buttle and Trevan (1928) and Nicholson (1934) have shown that 
type A toxin causes smooth muscle to contract. 

In this paper we record observations on the effeet of type A toxin in causing 
the liberation of pharmacologically active substances from perfused organs (lung, 
liver and hind limb) and of adrenalin from the suprarenal glands. We have also 
studied the action of the toxin on several kinds of smooth muscle. 


METHODS. 


For most experiments we used a toxin from the Commonwealth Serum Laboratories with 
a lethal dose of 0-07 mg. per 20 gm. mouse. Using defibrinated blood diluted with saline 
buffered to pH 7°5 (0-02 ¢.c. blood to a 1 ¢.c. system), the toxin in a dilution of 1 in 8000 
caused haemolysis of human and rabbit blood corpuscles, incomplete after incubation for six 
hours at 37° C. but complete after a further 18 hours at room temperature. Guinea-pig cor 
puscles showed only a trace of haemolysis after six hours’ incubation using the toxin in a 
concentration of 1: 500 and no increase in haemolysis had occurred at the end of 24 hours. 

In early experiments we used a sample of toxin from Dr. J. W. Trevan, of the Wellcome 
Laboratories. This, when used, had a lethal dose for mice of 0-14 mg. per 20 gm. 

Owing to the rapidity with which this toxin deteriorates in solution in saline we dissolved 
it in a phosphate buffer solution (M/75 phosphate, pH 7-6) and added 0-01 ¢.c. of 0-4 p.e. 
NaOH for each 3-5 mg. of toxin. This brings the pH to approximately 7-4. 

Perfusion experiments. The lungs of guinea-pigs were perfused as in the experiments of 
Feldberg and Kellaway (1937), and the lungs of rabbits and cats with the hilum dependent 
so as to collect tracheal fluid (Kellaway, Holden and Trethewie, 1938). The perfusion rates 
varied from 1 to 2 «.c. per minute. The perfusate was tested for histamine and slow-reacting 
muscle-stimulating substance on the isolated jejunum of the guinea-pig suspended in oxy 
genated Tyrode solution in a bath of 7 ¢.c. The histamine estimated is expressed as dichloride. 
The hind limbs of rabbits and cats were perfused through the aorta by a cannula inserted 
distal to the renal arteries, the outflow being collected from a cannula in the inferior vena 
cava. The vessels to the colon and bladder and in the female to the uterus and adnexa were 
tied off and the muscles of the body wall were ligated ‘fen masse’*. The spinal vessels were 
obstructed by plugging the vertebral canal. The venous outflow from the preparation was 
promoted by placing it in an inclined position reversed during the injection of toxin into the 
arterial cannula. The liver of rabbits was perfused through the portal vein as described for 
the liver of the dog (Feldberg and Kellaway, 1938). Adenyl compounds in the perfusate were 
estimated on the heart of the atropinized guinea-pig by the method of Drury, Lutwak-Mann 
and Solandt (1938), the cardio-depressant effects being matched with adenosine (B.D.H.). 
When the perfusate from the liver of the rabbit and from the perfused hind limbs was to be 
tested for adenyl compounds it was collected, unless otherwise stated, over a boiling wate) 








1 This work has been carried out under a grant from the National Health and Medical 
Research Couneil. 
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bath. Toxin present in the perfusate was neutralized with excess of anti-toxin before testing. 
In experiments in which sodium cyanide was added to the perfusion fluid, the procedure was 
as described by Kellaway and Trethewie (1940a). Extracts of organs for the estimation of 
histamine and of adenyl compounds were made by grinding weighed amounts with finely 
divided silica in Tyrode solution (1: 50 or 1: 20) and boiling. 

Experiments on the suprarenal glands. The direct and immediate action of the toxin was 
studied by injection into the cut stump of the coeliac axis of eviscerated cats with the carotid 
blood pressure recording. The delayed effeet was observed by intravenous injection in guinea-pigs 
in which the whole or part of the right suprarenal gland had been removed to make a control 
extract. The residual content of the remaining gland was determined at death. Extracts were 
made by grinding the weighed suprarenal tissue with silica in acid saline (1: 40 to 1: 100). The 
control extract was stored in the refrigerator until ready for testing. Estimations of adrenalin 
were made on the carotid blood pressure of the fully pithed cat and results are expressed as 
chloride in mg. per gm. of suprarenal tissue. 

Experiments on plain muscle. Single horns of the uteri of virgin guinea-pigs and rats were 
suspended in a 7 ¢.c. bath of oxygenated anaphylactic Ringer’s solution (NaCl 0-9 p.c., KCl 
0-042 p.c., CaCl, 0-012 p.c., glucose 0-1 p.c., NaHCO, 0-05 p.ce.). The behaviour of the bron 
chial smooth muscle was observed by recording changes of intrapleural pressure in artificially 
ventilated pithed guinea-pigs. A pleural space was connected with a Brodie’s tambour by a 
glass cannula inserted between the ribs. Changes in pressure in the pulmonary artery of the 
rabbit were recorded by the method described by Kellaway and LeMessurier (1936). 

Perfusion of the hearts of cats and rabbits was carried out as described by Feldberg and 
Kellaway (1938) using Gunn’s modification (1913) of Langendorff’s method. The temper: 
ture of the perfusing fluid despite variations in coronary flow did not alter more than 0-4° C, 
The Ringer’s solution used for perfusion was maintained at a pH of 7-5 and oxygenated by 
bubbling oxygen containing 3 p.c. CO. through the reservoir. The flow through the coronaries 
was recorded electrically by a Condon’s tipper (1913) with a celluloid bucket. 


RESULTS. 


The Failure of the Toxin of Cl. welchii A to Liberate Histamine or S.RS. from 
Perfused Organs. 


Experiments were made upon isolated perfused lungs of cats, rabbits and 
guinea-pigs. After injection into the pulmonary artery of toxin in doses ranging 
from 30 to 60 mg. no histamine could be detected in the out-flowing perfusate nor 
was there any significant diminution of the content of histamine in the perfused 
organ by comparison of extracts of injected and control lung. Furthermore there 
was no output of a slow-reacting muscle stimulant substance (S.R.S.) like that set 
free in other types of injury—by snake venom, Feldberg and Kellaway (1938), 
Feldberg, Holden and Kellaway (1938) ; by anaestheties (Kellaway and Trethewie 
(1939), and by anaphylactic shock, Kellaway and Trethewie (1940b). 

(a) Experiments on guinea-pigs. The lungs of a guinea-pig weighing 690 gm. were perfused 
with Tyrode solution through the pulmonary artery at a rate of 1°5 ¢.c. per minute. The per 
fusate before the injection of 60 mg. of toxin contained no detectable histamine. The sample 
of perfusate collected during the first five minutes after the injection had some immediate 
stimulant effect upon the guinea-pig gut, but a similar effect was obtained by neutralized 
toxin in the amount estimated to be present in the sample tested, and the response of the gut 
must be attributed to a histamine-like impurity in the toxin itself. Perfusate collected during 
a further period of 90 minutes contained no detectable histamine. The perfused organ was 
now cut down and drained and the drainage fluid (2 ¢.c.) was found to contain histamine in a 
concentration of 1:7 millions. The control lung contained 70y histamine per gm. and at the 
end of the experiment the injected lung had a content of 607 histamine per gm. The lung 
before injection of the toxin weighed 3-5 gm. and after draining 8-7 gm. After removal of 
oedema fluid by pressure between filter papers it weighed 4 gm. The slightly lower content 
per gm. of the lung after injection may be accounted for by failure to remove all oedema. 

As it seemed possible that the time allowed for the action of the toxin was insufficient, a 
lethal dose of toxin was injected into guinea-pigs and after a variable period the lungs were 
isolated and perfused. 

A guinea-pig weighing 485 gm. was killed 18 hours after the subcutaneous injection of 
5 mg. of toxin. The lungs were isolated and perfused. The perfusate was free from histamine 
and the injection of 30 mg. of toxin into the pulmonary artery caused no output of histamine 
into the perfusate during the next three hours. The control sample of lung and the lung after 
this further treatment with toxin and subsequent perfusion each contained 18y per gm. 
histamine. 
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A guinea-pig weighing 470 gm. died two hours after the intravenous injection of 2 mg. 
of toxin. The lungs were at once perfused for 90 minutes at a rate of 1 ¢.c. per minute and 
neither histamine nor 8S.R.S. was detected in the perfusate. A dose of 40 mg. of toxin was now 
injected into the pulmonary artery. The sample of perfusate collected during the next two 
minutes had an immediate stimulant action upon the isolated jejunum of the guinea-pig, but 
a similar effect was obtained with a dose of neutralized toxin equivalent to that present in 
the amount of sample tested. During the next 105 minutes, the rate of outflow having fallen 
to 0-5 ¢.c. per minute, neither histamine nor S.R.S. could be detected in the perfusate nor in 
and drainage fluid (2-5 e.c.). The lung before’ injection weighed 1-2 gm. and after drainage 
2-9 gm. The control sample of lung contained 14y of histamine per gm. and the lung after 
perfusion and injection of toxin 1ly of histamine per gm. of tissue. 

I'n all these experiments the injection of toxin caused broncho-constriction so severe that 
it became difficult to ventilate the lung, and in the last the lung was already fixed and did not 
collapse when the thorax was opened immediately after death. Failure to ventilate the per- 
fused lungs adequately may in part account for the oedema observed in them. 

These results were confirmed in a further series of experiments. Guinea-pigs were an- 
aesthetized with ether, a tracheal cannula was tied in, and the lungs artificially ventilated. 
The right side of the thorax was now opened and the diaphragmatic lobe removed and used 
to make a control extract; the thorax was closed and toxin (1-5 to 2 mg.) injected into a 
jugular vein. Immediately after death, one to seven hours later, the histamine content of a 
piece of the left diaphragmatic lobe was determined. The results of 10 experiments are set 
out in Table 1. 


TABLE 1. 


Effect of Cl. Welchii A toxin on the histamine content of the lungs of guinea-pigs. 





Weight of Histamine content in y per gm. 
animal in gm. Dose of toxin in mg. Time of death. Right lung. Left lung. 
515 0-5 (repeated 4 hrs. later) 5 hrs. 23 23 
500 ] 5 hrs. 15 mins. 6 9 
590 1-5 2 hrs. 26 mins. 28 37 
590 1-5 3 hrs, 52 mins. 45 56 
480 1-5 2 hrs. 50 mins. 25 14 
455 1°5 7 hrs. 15 13 
630 2 2 hrs. 25 mins. 19 22 
570 2 2 hrs. 35 mins. 13 13 
520 2 3 hrs. 20 14 
480 2 1 hr. 16 mins. 17 17 


The content of the right lung was sometimes more and sometimes less than that of the 
left, but the mean for the right (control) lungs was 21-ly and for the left 21-8y per gm. 
tissue. The histamine contents of the perfused right and left lungs of guinea-pigs do not 
vary more than 25 p.c. (Feldberg and Kellaway, 1937); in these experiments the greater 
variation observed may have been related to the difficulty of removing excess of blood from 
these unperfused tissues before weighing the samples for extraction. 

(b) Experiments on rabbits. The lung of the rabbit contains but little histamine and is 
therefore unsuitable for experiments of this kind. Two experiments gave wholly negative 
results. 

The apical lobes of a rabbit weighing 3 kg. were perfused at a rate of 2 c.c, per minute. 
The perfusate during forty minutes was free from histamine and S.R.S. Toxin in a dose of 
40 mg. was now injected into the pulmonary artery. The sample of perfusate collected during 
the first five minutes after this injection had an immediate stimulant action on the guinea-pig 
jejunum equivalent to that of 1:11 million histamine. Perfusate collected during the next 
three hours and the drainage fluid obtained at the end of the experiment contained neither 
histamine nor S.R.S. in detectable amounts. The uninjected control lung and the lung after 
injection of toxin and prolonged perfusion both contained 7y histamine per gm. of tissue. The 
perfused lung before injection weighed 5-1 gm. and at the end of the experiment after drain- 
age 5-5 gm. The stimulant activity of the first sample of perfusate was due to an impurity 
in the toxin present, because neutralized toxin in this amount had a like stimulant effect upon 
the gut, and because in a control experiment the sample collected during the first five minutes 
after the injection of 40 mg. of neutralized toxin had a stimulant effect on the gut equivalent 
to 1:9 millions histamine. In this control experiment there was no further output of hista- 
mine during perfusion for three hours. ; : . 

(ec) Experiments in cats. (i) Isolated perfused lung. Owing to a severe epidemic of chronic 
bronchopneumonia it was difficult to obtain healthy lungs for perfusion and we performed 
only two experiments. In one the perfused lung weighed 5 gm. The perfusate (at 1°5 e.e. per 
minute) before the injection of toxin contained no detectable amount of histamine or S.R.S. 
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During two-and-a-half hours after the injection of 40 mg. of toxin neither histamine nor 8.R.8. 
was present in the outflowing perfusate in estimable amounts except in the sample collected 
during the first five minutes, which possessed histamine-like activity equivalent to 1: 6-6 
millions of histamine due to impurity in the toxin. The drainage fluid (2-5 ¢.¢.) contained 
1: 9 millions histamine. The lung weighed 8 gm. at the end of the experiment. The contro! 
lung contained 25y and the perfused injected lung 177 per gm. histamine. In a control ex 
periment in which 40 mg. of neutralized toxin was injected the first sample after the injection 
also contained histamine-like activity equivalent to 1: 6 millions histamine, and though there 
was no further output of histamine in the perfusate the drainage fluid contained 1: 11 mil- 
lions histamine. 

(ii) Isolated hind limb. When both hind limbs were perfused through the aorta with 
Tvrode solution at a rate of 1 ¢.c. per minute no histamine could be detected in the perfusate 
from the inferior vena cava. After tying off the right iliac artery the rate of flow was ad 
justed to 1 ¢.c. per minuie and 60 mg. of toxin were injected. The perfusate during three-and- 
a-half hours contained neither histamine nor S.R.S. The rate slowed to 0-5 ¢.c. a minute be 
tween 15 to 30 minutes after the injection, and towards the end of the second hour fell to 0-16 
c.¢. per minute. This decrease may be partly due to the vaso-constrictor effects of the toxin, 


but int» later stages oedema of the limb must have been largely responsible. A piece of 
sartorit iuscle from the right limb and a corresponding piece from the left limb after the 


experim: at each contained 1-5y histumine per gm. Samples of skin from the right limb con 
tained ©iy histamine per gi. and from the left after perfusion 28y per gm. In other experi 
ments in which both hind limbs were perfused and 120 mg. of toxin were injected neither his- 
tamine nor other muscle stimulant substance could be detected in the perfusate during three 
hours. Owing to the difficulty of complete removal of subcutaneous tissue from the control 
skin samples the histamine content was less than in corresponding samples taken at the end 
of the experiment which, because of oedema, could be more readily freed from connective tissue. 
In one such experiment the control sample contained 40y histamine per gm., and that esti 
mated after perfusion with toxin contained 54y per gm. 


The Liberation of Adenyl Compounds and of Inactivating Enzyme by the Toxin 
of Cl. welehii A. 


(a) Experiments on the perfused liver of the rabbit. The toxin of Cl. welchii 
A, like that of Cl. welchiti D (Kellaway, Trethewie and Turner, 1940) and the 
venom of the indian cobra (Kellaway and Trethewie, 1940a) causes the liberation 
from the perfused liver of the rabbit of adenyl compounds and of an agent capable 
of inactivating them. Extracts of several pieces from the same liver when tested 
on the atropinized heart of the guinea-pig by the method of Drury, Lutwak-Mann 
and Solandt (1938) have the same cardio-depressant effect per gm. of tissue, and 
prolonged intraportal perfusion with Tyrode solution does not cause any loss of 
this activity nor can any adenyl compounds be detected in the outflowing perfusate 
(Kellaway and Trethewie. 1940a). When the toxin of Cl. welchii A is injected 
adenyl compounds can be estimated in the outflowing perfusate within 10 minutes, 
and the output continues for at least two hours. Pigment appears in the perfusate 
and the liver becomes reticulated by de-pigmentation which increases throughout 
the experiment. Increasing amounts of protein precipitated by heat are also ob- 
served in the perfusate. 

A piece of liver weighing 15-4 gm. from a rabbit weighing 2-95 kg. was perfused at a 
rate of 2-5 ¢.c. per minute and during 20 minutes before the injection of toxin no adenyl com 
pounds could be detected in the perfusate. After injection of 60 mg. of toxin the perfusate 
collected in the first three minutes contained no detectable adenyl compounds. The activity 
of the samples collected in the next seven minutes and the following 20 minutes was equivalent 
to 2-4y and 3°2y adenosine per c.c. In the next half-hour the perfusate contained the equiva 
lent of 3-0y adenosine per ¢.c. and in the second hour 2+5y adenosine per ¢.c._ The total output 
of adenyl compounds in two hours’ perfusion after the injection was equivalent to 0-71 mg. 
adenosine. A control piece of liver contained adenyl compounds equivalent to 1-3 mg. adeno 
sine per gm. and the liver which, after the perfusion, weighed 15-1 gm., contained the equiva- 
lent of 1-1 mg. adenosine per gm. The loss of adenyl compounds from the perfused lobe as 
estimated by difference of the activity of these extracts was equivalent to 3-1 mg. adenosine. 

In this, as in experiments in which injury was caused to the perfused organ by cobra 
venom or by the toxin of Cl. welchii D, the amount of active cardio-depressant substances 
estimated in the perfusate was much less than the total loss from the organ estimated by 
difference of organ extracts, This must be accounted for by inactivation of the adenyl com- 
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pounds during the perfusion because after the injection of this toxin, as after the injection 
of cobra venom or the toxin of C/. welchii D, an inactivating agent can be demonstrated in the 
perfusate if this is collected at room temperature. It is destroyed by heating the perfusate. 

Samples of perfusate from a piece of liver before and after intraportal injection of 60 
mg. of toxin were collected at room temperature and 1 mg. adenosine was added to 50 ¢.c. of 
each making a concentration of 1: 50,000. A portion of each mixture was at once brought to 
the boil. The two mixtures were then incubated in «a water bath at 40° C. for one hour and 
small amounts were taken from each and boiled after 10, 25, 40 and 60 minutes. The succes 
sive tests of the perfusate before the injection of toxin showed no loss of adenosine during 
incubation. Those of the perfusate after the injection of toxin showed no appreciable loss 
in 10 minutes, 10 p.c. loss in 25 minutes, 20 p.c. loss in 40 minutes and 40 p.c. loss in one hour. 

All these effects of the toxin on the perfused liver (the liberation of coagulable proteins, 
of pigment, of adenyl compounds and of an inactivating agent) are specific and do not occur 
when fully neutralized toxin is injected intraportally. 

Toxin in a dose of 90 mg. neutralized by admixture with 0-3 ¢.c. of antitoxin was injected 
into a lobe of liver weighing 15 gm. No adenyl compounds were detected in the perfusate 
during perfusion for two-and-a-half hours. The content of the liver in adenyl compounds as 
estimated in a control extract was equivalent to 0°69 mg. adenosine per gm. and after per- 
fusion and injection of neutralized toxin was equivalent to 0-70 mg. adenosine per gm. The 
outflowing perfusate was collected partly at room temperature and partly over a boiling water 
bath. In the latter no adenyl compounds were detected, and when adenosine was mixed with 
the perfusate collected at room temperature and the mixture incubated for an hour at 40° C. 
no loss of adenosine occurred. 

After the injection of un-neutralized toxin the difference between the output of adeny! 
compounds estimated in the perfusate and the total loss from the organ cannot be accounted 
for by action of inactivating enzyme on the perfusate since this was collected over a boiling 
water bath, but may be due to inactivation taking place within the blood vessels or tissues of 
the perfused organ. As with cobra venom we have attempted to prevent this loss by per- 
fusing the organ with Tyrode solution to which NaCN was added to make a concentration of 
M/40. Perfusion with evanide solution of this strength brought to a pH of 7-5 does not cause 
any liberation of adenyl compounds into the perfusate, nor is there any significant loss of 
adenyl compounds from the perfused organ. In Table 2 are shown the results of two experi 
ments in which 90 mg. of toxin were injected in preparations perfused with cyanide Tyrode 
solution. The first and last experiments in the table are controls. In the first, 90 mg. of 
toxin were injected into a lobe of liver perfused with Tyrode solution without added cyanide, 
and in the last the liver was perfused with cyanide Tyrode but no toxin was injected. 


TABLE 2. 


Liberation of adenyl compounds from the perfused liver of the rabbit by the toxin of Cl. welchii A 
in the presence of cyanide. 


Content of — P.c. loss by Output Output 
Concentration Dose of tissue in difference in the as p.c. of 
NaCN in the toxin mg.of adenosine of organ perfusate in total content 
perfusion fluid. in mg. per gm. extracts. mg. adenosine. of tissue. 
Nil 90 0-9 39 0-33 5-6 
M/40 90 1°25 14 0-9 6-8 
M/40 90 0-92 18 0-96 6-6 
M/40 Nil 1-0 3 Nil 0 


The effect of cyanide in this concentration was to diminish the total loss of adenyl com- 
pounds after the injection of toxin and to increase the output in the perfusate. The action of 
the toxin is seen to be feeble in comparison with that of cobra venom (Kellaway and Tre- 
thewie, 1940a) and even with that of Cl. welchii D (Kellaway, Trethewie and Turner, 1940). 

(b) Experiments on the isolated perfused hind limbs of the rabbit. The hind limbs of a 
rabbit weighing 2-7 kg. were perfused through the aorta with Tyrode solution (at 4 ¢.¢. per 
minute) and the perfusate collected from the inferior vena cava over a boiling water bath. 
During 15 minutes before the injection the perfusate contained no detectable amount of 
adenyl compounds. Toxin in a dose of 100 mg. was injected into the arterial cannula and was 
allowed to act for three minutes. Perfusate collected during the first 10 minutes after the 
injection contained too much toxin for satisfactory estimation of adenyl compounds. The 
samples collected during the remainder of the first half-hour and during the second half-hour 
contained in 1 ¢.c. adenyl compounds equivalent to ly and 2y adenosine respectively. Those 
collected during the second and third hours contained the equivalent of 2y and 3y adenosine 
per c.c. There was a steady decline in outflow to 0-5 ¢.c. per minute. The maximum output 
of adenyl compounds (3-7y per minute) occurred during the second half-hour after the in 
jection. The output during the last twenty minutes of the first half-hour was 2-8y and during 
the second and third hours it was 1-7y and 1-6y per minute respectively. The total output 
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estimated in the perfusate was 0-376 mg. This represented the content of only 1:5 gm. of 
muscle because a sample of psoas before the injection contained the equivalent of 0-5 mg. 
adenosine per gm., and at the end of the experiment another sample contained 0-25 mg. per 
gm. Only a small proportion of the adenyl compounds lost from the muscle were therefore 
estimated in the perfusate. 

The injection of toxin in this preparation also causes the liberation of an agent which 
inactivates adenosine. The hind limbs from a rabbit weighing 2-3 kg. were perfused with 
Tyrode solution at 2 ¢.c. per minute and 150 mg. of toxin were injected. The perfusate was 
collected at room temperature during half-an-hour before and half-an-hour after the injection, 
and adenosine was added to these samples to make a concentration of 1: 100,000, Portions of 
the two mixtures were boiled at once and after incubation for 20, 40, 60, 80 and 100 minutes at 
37° C. and their content of adenosine was estimated by comparison with freshly boiled 
1: 100,000 adenosine in Tyrode solution. The solution in normal perfusate showed no appre 
ciable loss of activity after incubation for 20 minutes; after 40 minutes there was a slight 
loss of activity, and after 100 minutes it still retained two-thirds of its original activity. The 
solution in perfusate after injection of toxin had lost most of its activity after 20 minutes and 
no detectable activity remained after 40 minutes. 

In control experiments with toxin neutralized by antitoxin no trace of adenyl compounds 
could be detected in the perfusate and there was no significant loss of adenyl compounds from 
the muscle in the limb. 

Ina hind limb preparation into which a dose of 150 mg. of toxin mixed with 0°5 c¢.c. of 
antitoxin was injected, no adenyl compounds were detected in the perfusate during three 
hours. The initial rate of flow was 3 ¢.c. per minute and during the last two hours the rates 
were 2-5 and 2 ¢.c. per minute respectively. A sample of muscle before the injection con- 
tained the equivalent of 0-3 mg. adenosine per gm., and at the end of the experiment another 
sumple contained 0-25 mg. per gm. 

In the hind limb preparation the addition of cyanide to the perfusion fluid had but little 
effect in preventing the inactivation of adenyl compounds after the injection of toxin. The 
results even with M/35 cyanide were not significantly different from those obtained when no 
cyanide was used. 

The hind limbs from a rabbit weighing 2-65 kg. were perfused at 5 ¢.c. per minute with 
Tyrode containing M/35 NaCN (brought to a pH of 7-5 by the addition of HCl) and 150 mg. 
of toxin were injected into the aortic cannula. The perfusate before the injection contained 
no detectable amount of adenyl compounds. No attempt was made to estimate the adenyl 
compounds in the sample of perfusate collected during the first three minutes after the in- 
jection; during the next seven minutes, during the remainder of the first half-hour and during 
the second half-hour adenyl compounds equivalent to 1-5y of adenosine per c¢.c. were esti 
mated. No activity was detected during the second and third hours of perfusion when the 
rate of flow had fallen to 1 ¢.c. per minute. The drainage fluid collected during half-an-hour 
at the end of this period also contained no detectable adenyl compounds. A control sample of 
muscle contained adenyl compounds equivalent to 0-5 mg. adenosine per gm. and a sample at 
the end of the experiment contained only 0-3 mg. per gm. The total amount of adenyl com- 
pounds estimated in the perfusate was 0-336 mg. or less than that contained in 1 gm. of muscle. 


The Liberation of Adrenalin from the Suprarenal Glands. 


Using the direct method we failed to demonstrate any immediate output of 
adrenalin from the suprarenal glands of cats. Intra-arterial injection of 10 mg. 
of toxin into the cut stump of the coeliac axis in the eviscerated animal failed to 
cause any greater effect upon the systemic blood pressure than the same dose of 
neutralized toxin in a control experiment. The effects produced by this large dose 
must therefore have been caused by histamine or other impurities in the toxin. 

The intravenous injection of toxin in a dose of 15 mg. in guinea-pigs weighing from 600 
to 660 gm. caused a significant fall in the residual content of adrenalin in the remaining supra 
renal, the right adrenal in whole or part having been excised before the injection. The re- 
sults of two experiments and of a control in which neutralized toxin was injected are set out 
in Table 3. 

TABLE 3. 
The delayed effect of Cl. Welchii type A toxin on the suprarenal glands. 


Content of suprarenal glands 


Time after injection in mg. per gm. 
Dose of toxin. to death. Right (Control). Left 
15 mg. neutralized with 0-05 ¢.c. antitoxin Killed after 1 hour 0-14 0-14 
15 mg. 28 min. 0°17 0-03 
5 mg. and 45 min. later 10 mg. 69 min. 0-22 0-11 
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The observed diminution in the residual content of adrenalin is a specific effect. It can- 
not, however, be attributed with certainty to a delayed direct action of the toxin since it may 
be due to splanchnic stimulation. 


The Effect of the Toxin of Cl. Welchii Type A on Smooth Muscle. 


Buttle and Trevan (1928) have shown that this toxin has a strong stimulant 
action upon the isolated uterus of the virgin rabbit. It has a similar stimulant 
action upon the isolated jejunum and virgin uterus of the guinea-pig and upon the 
uterus of the virgin rat. The two samples of toxin used showed slightly different 
behaviour when tested on the gut and uterus of the guinea-pig but not on the uterus 
of the rat. The toxin prepared at the Commonwealth Serum Laboratories gave a 
non-specific immediate response owing to the presence in it of a histamine-like im- 
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Fig. 1. (1) Record of contractions of two pieces of jejunum from a guinea-pig. At A, 
10 mg. toxin, at S, 1 mg. and at S’, 4 mg. of S.R.S. were added to the bath. The unlettered 
contractions are to 0-1y histamine. 

(11) Record of contractions of a horn of the uterus from a virgin guinea-pig. At H, 2 
histamine and at A, 5 mg. of toxin were added to the bath. 

(111) Record of contractions of a horn of the uterus from a virgin rat. At A, 5 mg. A 
toxin. Interval between the panels 20 and 28 minutes. Time in minutes. Details in text. 
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purity. The results described for these two preparations were obtained with the 
Wellcome toxin. 


(a) The isolated jejunum of the guinea-pig. The toxin in doses of 2 to 10 mg. causes specific 
contraction of the gut aticr latent periods of from two minutes to 24 seconds. After repeated 
doses at short intervals the later responses are greatly diminished in size, but if the interval 
between the doses is adequate (15 to 20 minutes) their extent is only slightly diminished. 
The latencies of these contractions are usually shortened (Fig. 1, 1). The toxin does not 
diminish the excitability of the gut as measured by its response to histamine, and may even 
cause temporary increase of excitability when this has been diminished by other toxins, for 
example by Cl. welchii C, but the response to the slow-reacting muscle-stimulating substance 
(S.R.S.) formed by the action of snake venom on egg yolk is greatly diminished (Kellaway 
and Trethewie, 1940b). Fig. 1, I shows the responses (at A) to four successive doses of 10 mg. 
of toxin which had latencies of 25, 5, 3 and 3 seconds. The later responses were little dimi 
nished in size, and those to histamine (0-ly) were enhanced. The response of another piec 
of jejunum to 4 mg. S.R.S. (at S’) after four doses of 4 mg. of toxin given during one hour was 
insignificant though an initial dose of 1 mg. S.R.S. (at 8S) had given a good response with a 
latency of five seconds. 

(b) The isolated uterus of the virgin guinea-pig. The toxin in doses of 

0-5 to 5 mg. caused slow contraction of the uterus with latencies of from 
four to one minutes. Relaxation after the larger doses was slow, taking 
from half-an-hour to one-and-a-half hours, and depending on the time for 
which the toxin was left in contact with the muscle. When large doses 
were given at intervals of half-an-hour or more there was little diminution 
in the extent of the second or third responses. Sometimes these later re 
sponses had shorter latencies. If several small doses were given at intervals 
of 14 to 18 minutes the later responses were diminished in size and their 
latencies were slightly increased. For example, a dose of 0°5 mg. gave 
a moderate response with a latency of three-and-a-half minutes, but the 
fourth and fifth doses gave smaller stepped responses with latencies of 
three-and-three-quarters and four minutes. These effects were specific, the 
neutralized toxin having no action. Fig. 1, IT shows the response of one horn 
of a uterus at H to 2y histamine and at A to two 
successive doses of 5 mg. of toxin at 45 minutes 
interval. These were left in contact with the 
muscle for seven minutes. 
Cms H,0 (ce) The isolated uterus of the virgin rat. The 
: toxin in doses ranging from 2 to 5 mg. caused 
the muscle to contract, the rhythm at the same 
time increasing in frequency and diminishing 
in extent. The contractions in response to sec- 
ond and later doses were usually increased. 
After several doses the rhythm of the gut was 
diminished. Fig. 1, III shows the responses to 
two successive doses of 5 mg. of toxin each 
left in contact with the muscle for five minutes. 
Relaxation after the first dose was complete 
in 36 minutes and after the second in 45 minutes. 
The rhythm of the uterus after this treatment 
though increased in frequency was greatly 
aeons eaaataehaananhenankant diminished in extent. These effects were specific, 
einiainaainiaa a the neutralized toxin failing to cause either con- 
traction or change in rhythm. 

Fig. 2. Records of intrapleural pres- (d) The 
sure of two pithed guinea-pigs. At the 
arrow in the upper panel 15 mg. toxin 
and at that in the lower panel 15 mg. of 
neutralized toxin injected intravenously. 
Pressure in em. of water. Time in half- 
minutes. 
















bronchial smooth muscle of the 
guinea-pig. When toxin in doses of 5 to 10 mg. 
is injected subcutaneously into guinea-pigs the 
lungs after death are found to be distended, and 
do not collapse when the thorax is opened. Ex- 
periments in which the intra-pleural pressure 
was recorded in pithed guinea-pigs showed that 
this effect was specific and was due to con- 
striction of the bronchi. The upper panel of Fig. 2 shows the changes in intrapleural pressure 
in such a preparation after the injection of 15 mg. of toxin into a jugular vein at the arrow. 
A decrease in the variation of pressure caused by constant artificial ventilation was observed 
after 90 seconds and in seven minutes the excursion was greatly reduced. The thorax was now 
opened and the lungs were seen to be distended and did not collapse completely when the arti- 
ficial ventilation was discontinued. They were free from oedema. The lower panel of the 
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figure shows the record of intra-pleural 
pressure from another preparation § in 
which a dose of 15 mg. of toxin neutralized 
by the addition of 0-04 ¢.c. antitoxin was 
without effect on the intra-pleural pres- 
sure. The slight variations were asso- 
ciated with spontaneous movements. The 
lungs collapsed completely when the 
thorax was opened and artificial ventila 
tion discontinued 30 minutes after the 
injection. 

(e) The pulmonary vessels of the rab- 
bit. The intravenous injection of toxin 
in the rabbit causes a gradual rise of 
pressure in the pulmonary artery which 
may be attributed to constriction in the 
pulmonary vessels, and is associated with 
the development of some oedema of the 
lung. Fig. 3 shows the changes in blood 
pressure in the pulmonary and carotid 
arteries in a rabbit weighing 3 kg. after 
the intravenous injection of 9 mg. of toxin 
per kg. During 24 minutes there was a 








‘ shag - 

4 gradual rise in the mean pressure in the 
j pulmonary artery from 16 mm. to 29 mm. 
% Hy, and a fall in the systemic blood pres 


sure from 76 mm. to 32 mm. of Hg. Both 
pressures then fell sharply as the heart 
failed. In three experiments the injection 
of neutralized toxin (18 mg. per kg.) was 
without effect on the systemic or pulmon- 
ary blood pressure, and in no case was there 
any oedema of the lung. 





Fig. 3. Record of pressure in the pulmonary 
artery (upper tracing) and carotid artery 


(lower tracing) of a rabbit. At the arrow (f) The coronary vessels of the rabbit. 
27 mg. of toxin were injected. Time in half- We have confirmed the observation of 
minutes. Nicholson (1934) that Cl. welchii A toxin 


causes constriction of the coronary vessels 
of the rabbit. When toxin is injected into the perfused coronary vessels of the rabbit’s heart 
there is a gradual falling-off in the rate of flow accompanied by slowing of the heart beat. Fig. 4B 
shows the effect of 10 mg. of toxin, the outflow falling in the course of one hour from 17-6 ¢.c. 


Fig. 4. Records of outflow from the coronary vessels of perfused hearts of rabbits. A. 
Control. At the arrow 10 mg. neutralized toxin injected. B. At the arrow 10 mg. toxin in- 
jected. Upper tracings time in half-minutes. Lower tracings volume records A, 1] division 

2-8 ec. B, 1 division = 2-4 ¢.c. The successive records from left to right were obtained 
15, 35, 50 and 60 minutes after the injections. 
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to 8-5 e.e. per minute. The rate of the heart-beat also fell gradually from 172 to 120 per 
minute. In another experiment after the injection of 15 mg. the outflow fell from 21-5 to 9-1 
e.¢c. per minute and the heart rate from 180 to 65 per minute, block occurring thirty-five minutes 
after the injection. In control experiments in which no injection was made there was no sig- 
nificant change in the rate of the beat or the coronary outflow. In those in which neutralized 
toxin was injected there was a slight and persistent increase in the coronary flow from 18-3 
to 19-7 ¢.c. per minute after 10 mg. (Fig. 4A) and from 25 to 28 ¢.c. after 15 mg. of neutralized 
toxin. 

(g) The coronary vessels of the cat. Our experiments on the perfused cat’s heart did not 
give such clear-cut results as those on the rabbit’s heart, but the toxin regularly caused a 
much greater diminution in outflow than was observed in control experiments. After the 
injection of 10 mg. of toxin the outflow from the heart of a cat weighing 2-1 kg. diminished 
from 65 ¢.c. per minute before the injection to 36 ¢.c. in 15 minutes, to 22 ¢.c. in 45 minutes and 
to 18 «.c. 60 minutes after the injection. The heart rate fell from 186 to 156 per minute dur- 
ing the same period. 

In control experiments there was generally also some diminution in the outflow and slowing 
of the heart-beat. For example, after the injection of 10 mg. of neutralized toxin the out 
flow from the heart of a cat weighing 4-1 kg. diminished from 64 ¢.c. per minute to 50 ¢.¢. in 
15 minutes, to 37 ¢.c. in 45 minutes and to 32 ¢.c. in 60 minutes after the injection. The heart 
rate fell from 148 to 140 per minute during the experiment. 


DISCUSSION. 


The failure of the toxin of Cl. welchit A to cause the liberation of histamine in 
detectable amounts from perfused organs reasonably rich in this substance, though 
it causes definite injury to cells as indicated by haemolysis tests and by the libera- 
tion from the perfused rabbit’s liver of pigment, coagulable protein, adenyl com- 
pounds and an agent capable of inactivating them, must be held to suggest either 
that the liberation of histamine can take place only when injury is moderately 
severe or that a specific type of injury, which is not inflicted by this toxin, is neces- 
sary to cause it. It is true that the toxin of Cl. welchiit D, which causes liberation 
both of histamine and of adenyl compounds, is a more potent and rapidly-acting 
toxin ; but the injury to the tissues caused by the toxin of Cl. welchit A both in the 
intact animal, when the poison has some hours in which to operate, and in perfused 
organs with only brief contact with the tissues, makes it more likely that the libera- 
tion of histamine results from a specific type of injury to tissue cells. It will be 
noted that we have disregarded the presence of histamine in the drainage fluid and 
occasional small apparent losses from the organs during perfusion. The former is 
a non-specific effect and the latter is probably accounted for by difficulty in re- 
moving oedema fluid. 

Though smaller amounts of adenyl compounds are liberated by this toxin than 
by that of Cl. welchvi D the amounts set free by similar concentrations of the two 
toxins are of the same order, and the difference in degree of cellular injury pro- 
duced by them seems insufficient to account for the liberation of histamine by one 
toxin and failure to liberate it by the other. It may be recalled that after injury 
to tissues by volatile anaesthetics, S.R.S. and histamine were liberated, and after 
injury by gaseous anaestheties histamine alone was set free (Kellaway and Tre- 
thewie, 1939). The difference between the toxins of Cl. welchit A and D in respect 
of their ability to liberate histamine must be regarded as qualitative rather than 
quantitative, the capacity to liberate histamine being a property of the non-haemo- 
lytic « constituent (Glenny et alia, 1933), of which the D toxin used was almost 
wholly composed, whereas the haemolytic a fraction (constituting A toxin) fails 
to do so. The experiments on the suprarenals afforded no evidence of an immediate 
direct liberation of adrenalin and the diminished residual content of the supra- 
renals at death from poisoning by the toxin may be explained by splanchnic dis- 
charges set up by asphyxia during the fatal illness. The failure to liberate hista- 
mine from injured cells may be related to the failure to liberate adrenalin directly 
from the suprarenal glands. 
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The specific contraction of plain muscle produced by the toxin of Cl. welchu A 
in the bronchial musculature of the guinea-pig, the pulmonary and coronary vessels 
of the rabbit, and the gut and uterus of the guinea-pig cannot be attributed to hista- 
mine, since there is no evidence of its liberation by the toxin from perfused organs. 
The specific contraction observed in the uterus of the rat which is relaxed by hista- 
mine supports this belief. The contraction must be caused either by the direct 
action of the toxin or by the liberation or formation of some muscle stimulant sub- 
stance other than histamine. In perfusion experiments we observed no liberation 
of a muscle-stimulating slow-reacting substance like that set free in anaphylaxis 
or formed by the action of snake venoms, and must for the present therefore regard 
the contraction of muscle caused by the toxin as a direct effect. 


SUMMARY. 

The toxin of Cl. welchii type A fails to cause the liberation of histamine or 
S.R.S. from perfused organs but sets free pigment and coagulable proteins from 
the perfused liver, and adenyl compounds and an inactivating enzyme from the 
perfused liver and hind limbs of the rabbit. 

The toxin causes no immediate direct liberation of adrenalin from the supra- 
renals but the residual adrenalin in the glands in guinea-pigs dying from toxaemia 
is greatly diminished. 

In confirmation of other workers, the toxin causes contraction of smooth 
musele. This is shown to be a general effect on many kinds of smooth muscle. 

These properties of the toxin have been shown to be specific. 
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THE THIOCHROME METHOD OF ESTIMATING THIAMIN 
(VITAMIN B:1) IN URINE, MILK AND CEREAL PRODUCTS 
by E. C. SLATER 
(From the Australian Institute of Anatomy, Canberra). 

(Accepted for publication 18th December, 1940.) 


Several investigators (e.g. Westenbrink and Goudsmit, 1937; Karrer and 
Kubli, 1937; Ritsert, 1938) have adapted the thiochrome method of Jansen (1936) 
to the measurement of thiamin in urine. Wang and Harris (1939), after a 
thorough examination of possible sources of error, recommended an improved and 
simplified visual method. Thiamin added to urine was recovered quantitatively 
and excellent agreement was obtained between the chemical method and the brady- 
cardia method. The procedure has been used in an extensive study by Wang and 
Yudkin (1940). Hills (1939), however, criticizes the Wang-Harris method and 
claims that quantitative recovery of thiamin added to urine cannot be obtained. 

Estimation in urine. In this investigation the method of Wang and Harris was followed 


with minor modifications. These authors recommended that the amount of ferricyanide added 
should be carefully controlled and determined in a separate experiment. They state that an 


excess of ferricyanide interferes by destroying some of the thiochrome and also by having a vari- 
able effect on the non-specific fluorescing substances. However in the present study exactly the 
same fluorescence was obtained with 0-05, 0-20, 0-50 ml. 2 p.c. ferricyanide respectively so the 


separate control test was omitted and the same concentration of oxidizing agent (0-20 ml.) used 
throughout. 

All results described in this paper have been obtained from urines giving blanks showing 
only a small fluorescence, and giving good matches. 

The wet isobutanol solutions were dried with ethanol. After the volumes were made up to 
15 ml., the solutions were kept in a corked test tube and in diffuse light until measurement of the 
fluorescence (cf. Wiegand (1938)). The thiamin solution (2 micrograms/ml.) used for the 
preparation of the standard thiochrome solution was unchanged after several months, but it is 
necessary to prepare a fresh standard thiochrome solution daily. It was found convenient to 
dilute concentrated urines or those rich in thiamin so that 1-0 to 1-5 ml. of the standard thiochrome 
solution was required for a match. 

Twenty-four-hour samples of urine were collected in bottles containing 5 ml. 10 p.c. HCl and 
5 ml. toluene. The volume was measured so that the daily exeretion of thiamin could be eal- 
culated. 

Table 1 shows the recovery of thiamin added to urine. 


TABLE 1. 
Recovery of thiamin added to urine. 


Added thiamin 


Specimen Thiamin in urine Thiamin added recovered Percentage 
of urine. micrograms/ml. micrograms/ml. micrograms/ml. recovery. 
D.P.1 0-19 0-18 0-15 83 
0-17 0-34 0-32 94 
0-16 0°45 0-46 102 
E.M.D.4 0-17 0-18 0-18 100 
0-15 0-40 0-36 90 
T.B.M.1 0-11 0-25 0-29 116 
0-09 0-39 0-44 112 


Mean 100 


Otto and Riihmekorb (1938) state that it is necessary to carry out the comparison of the 
fluorescence quickly as thiochrome is rapidly destroyed in ultra-violet light. However, under the 
conditions of the above method only 10 p.c. was destroyed after 30 minutes exposure to ultra-violet 
light. Normally the tubes are kept under the ultra-violet light for only a few minutes. 
Estimation in Milk. 

The Wang-Harris technique, with minor variations, has been applied to milk for the estima- 
tion of both ‘‘free’’ and total thiamin. The total thiamin was measured after a preliminary 
incubation with takadiastase to convert the bound thiamin to the ‘‘free’’ form (Houston and 
Kon (1939a) ). When slightly acidified milk is shaken with isobutanol and centrifuged, a gelatin- 
ous precipitate separates at the junction of the two layers. Accordingly the centrifuged mixture 
was filtered. Pyke (1939) prefers not to filter because thiamin is adsorbed. However it was 
found that (1) the same result was obtained with filtration as without (special precautions being 
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taken to measure the volume of the water layer) ; (2) quantitative recovery of added thiamin was 
obtained (see Table 2); (3) the precipitate had not adsorbed any thiamin. Filtering an aqueous 
thiamin solution containing 0-1 per ml. caused a loss of 50 p.c. of the thiamin due to adsorption. 

Neuweiler (1938) found it necessary to remove the fat and protein before adsorption on 
franconite. Probably the fat and protein in milk prevent a similar adsorption. 


TABLE 2. 


Recovery of thiamin added to milk. 


Recovered 
Type of Thiamin content Added thiamin thiamin Percentage 
milk. micrograms/ml, micrograms/ml. micrograms/ml. recovery. 
Cow 0-20 0-10 0-12 120 
0-18 0-20 0-25 125 
0°25 0-20 0-23 115 
0-23 0-30 0-33 115 
0-15 0-40 0-39 98 
0-23 0-80 0-94 117 
0-25 1-00 1-03 103 
Human 0-11 0-10 0-115 115 
0-11 0-16 0-16 100 


Mean 112 


Houston and Kon (1939b) and Pyke (1939) used pepsin and takadiastase to convert bound 
thiamin to the free form. But the pepsin has been omitted here as it caused a cloudiness in the 
fluorescence of the oxidized solution. A comparison of the two methods on a milk containing 
only 34 p.c. free thiamin showed no significant difference. Takadiastase contains about 6 4 
thiamin per gm. A neutral solution loses this thiamin on standing one week. If freshly prepared 
takadiastase solution is used, a correction for this thiamin should be applied. 

Experimental method. Two 3 ml. aliquots were pipetted into two 15 ml. centrifuge tubes. 
To each, 10 p.c. HCl was added to bring the milk to a pH 3-7-4-0 (2 drops 10 p.c. HCl were 
usually necessary). To one (total thiamin) 1 ¢.c. 0-5 p.c. takadiastase was added and the mixture 
incubated at 37° C. for three hours. Each centrifuge tube was then treated identically as follows 
The contents were shaken with 5-6 ml. isobutanol, centrifuged and filtered into a graduated 
test tube. The precipitate was washed with water until the water layer in the filtrate read 6 ml. 
The filtrate was poured carefully backwards and forwards into another test tube to make the 
water layer homogeneous and 2 ml, of the water layer taken for the determination of the thiamin. 
Thereafter the procedure as described for urine was used, except that after shaking with isobutanol 
and also after washing the isobutanol layer with water it was necessary to separate the layers 
by centrifuging. 0-2 ml. 2 p.c. potassium ferricyanide was used for the oxidation. 


TABLE 3. 
Thiamin content of cow’s milk. 


Thiamin micrograms/ml. 


Type of milk. ‘* Free’’. Total. Free/total. 

tetail: raw 0-19 0°27 “75 
Cow A 0-18 0-20 “90 
B 0-2] 0-21 1-00 

Cc 0-43 0-43 1-00 

D — 0-93 — 
Malted milk A* 3°7t 3-7t 1-00 
B 2-1t 2-5t 0-84 

Powdered whole milk 1-9t 2-7 0-69 
teconstituted powdered whole milk 0°27 0°39 0°69 

* fortified with vitamin B. + per gm. 


Powdered milks and malted milks were reconstituted and determined in the same way. The 
blanks from malted milks gave a green-vellow fluorescence which was apparently destroyed on 
oxidation as the oxidized solution showed « good blue-purple fluorescence. As the blank contained 
very little blue fluorescence and it was impossible to obtain a match with it, a blank from 
cow’s milk was used for the determination of the malted milks. The results are tabulated in 
Table 3. Those given for retail milk are the means of nine samples from February to June, 1940. 
The ‘‘free’’ thiamin ranged from 0-16 to 0-24 7 /ml. and the total from 0-19 to 0°34 y /ml. 


Estimation of Thiamin in Cereal Products. 

For the estimation in cereal products a known weight of the finely ground substance was 
weighed into a 15 ml. centrifuge tube, 5 ml. of a buffer solution of pH 3-8 (sodium acetate-acetic 
acid) and 1 ml. of 1 p.c. takadiastase added and the contents of the tube well shaken. The mixture 
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was incubated at 37° C. overnight (incubation of pure thiamin under these conditions showed no 
destruction of the vitamin), shaken with 6 ml. isobutanol and centrifuged. A measured volume 
of the water layer was taken for the determination of the thiamin in the usual way. It was 
usually necessary to centrifuge after shaking. The following weights and volumes of the water 
layer taken for the determination of the thiamin were found most convenient, viz.: white flour 
0-4 gm., 2 ml. respectively; wheat germ 0-03 to 0-05 gm., 1 ml.; whole wheat, wholemeal bread 
(dried), wholemeal flour, 0-2 to 0-3 gm., 1 ml. 

(1) White four. The reproducibility of the results using different weights of white flour 
is shown in Table 4. 

TABLE 4. 
Reproducibility of results for white flour. 


Weight of flour Volume standard thiocrome Thiamin 
taken (gm.). solution required (ml.). microgram/gm. 
0-211 0-65 1-23 
0-247 0-77 1-25 
0+295 0°95 1-29 
0-388 1-3 1°3 
0-500 1-5 1-20 
0-499 1°5 1-20 


Mean 1-25 
e = 0°025 


The recovery of thiamin added (in the form of a solution) to white flour is shown in Table 5. 


TABLE 5. 


Recovery of thiamin added to white flour (1-25 micrograms/gm.). 


Added thiamin y /gm. Recovered thiamin y /gm. Percentage recovery. 
1-32 1-25 95 
2°16 2-00 92 
2°15 1-85 86 
2-80 2-46 88 
3°38 3°65 108 


Mean 94 
(2) Wheat germ. Nine results for the same sample ranged from 20-5 to 27-0 with a mean 
of 24-8 and a standard error of 1-05. Another sample (from the same manufacturer) gave five 
results ranging from 21-4 to 24-2 with a mean of 22-6 and a standard error of 0-46, The 
recovery of added thiamin is shown in Table 6. 
TABLE 6. 


Recovery of thiamin added to wheat germ (22-6 micrograms/gm.). 


Added thiamin y /gm. Recovered thiamin y /gm. Percentage recovery. 
16°3 13-4 82 
27-2 25-1 92 
32-6 29-2 90 


Mean 88 


A well known imported wheat germ product assayed at 36 y/gm. This compares well with 
the figures published for this product, viz.: 31-43 y /gm. (Graves (1940)—bradycardia method). 
To test further that this method extracts the thiamin completely from the wheat germ, 0-06 gm. 
was incubated as usual with the buffer solution and takadiastase. The residue was filtered off, 
washed and incubated once again with the buffer solution and takadiastase. The resultant 
solution contained no thiamin. 

A determination without any takadiastase showed that 91 p.c. of the thiamin in wheat germ 
is in the ‘‘free’’ form (cf. Melnick and Field (1939), who found 89 p.c. in the free form). 

(3) Whole wheat berry. Eight results for the same sample ranged between 4-10 and 5:10 
with a mean of 4-52 and a standard error of 0-16. The recovery of thiamin is shown in Table 7. 


TABLE 7. 
Recovery of thiamin added to whole wheat berry (4-52 micrograms/gm.). 


Added thiamin y /gm. Recovered thiamin y /gm. Percentage recovery. 
4-11 3°83 93 
6-05 6-99 115 
9-17 10-00 109 
9-21 10-06 109 


Mean 106 


Wholemeal bread contains 30-36 p.c. moisture which was removed by cutting the bread into 
thin slices and allowing to stand at atmospheric temperature for about a week. The dried material 
was then finely ground and the thiamin determined as for whole wheat berry. 
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The present method was compared with that of Pyke (1939). Determinations were carried 
out on the same substance using both the method described in this paper and that described by 
Pyke (1939). The results are shown in Table 8. 

TABLE 8. 
Comparison between the present method and that of Pyke for cereal products. 
Thiamin y gm. 


Pyke’s method. Present method. 
Wheat germ 26 25 
Whole wheat berry 3-9 4-5 
White flour 1-35 1-25 


Good matches were obtained by both methods, but a more purple fluorescence was given by 
the method deseribed in this paper. 

The blanks from all the cereal products were entirely free of any blue fluorescence and good 
matches were obtained. The white flours gave the best matches. In the case of the ‘‘germ’’ 
breads examined, the blanks showed a greenish fluorescence, but with care a satisfactory match 
could be obtained. Using reagent blanks prepared from water, the same values were obtained 
as with blanks from the bread solutions. 

Various cereal products have been estimated by this method and a summary is given in 
Table 9. mn . 

rABLE 9. 
Results obtained with cereal products. 
Thiamin y gm. 


Cereal products. No. of samples analysed. Range. Mean. 
Whole wheat 17 4-1 -8-6 5:9 
Wholemea! bread 2 2-5 -2°5 2:5 
**Germ’’ bread 2 2-0 -2-1 2-0 
White flour 15 1-25-—2-53 1-75 
Bran l - 7-4 
Pollard 1 - 12-7 
Wheat germ: raw 4 25-82 27 
Wheat germ: treated commercially 6 13-36 21 


These results are in good agreement with those published overseas by the rat growth and 
bradycardia methods. (Baker and Wright (1938), Harris and Leong (1937), Copping and 
Roseoe (1937) ). 

SUMMARY. 

The thiochrome method of Wang and Harris can be satisfactorily applied to 
the determination of thiamin in milk and cereal products. The method described 
in this paper does not differ appreciably from that of Pyke (1939), but minor al- 
terations in the technique were found desirable. In particular, incubation with 
takadiastase alone without previous peptic digestion gives a more purple fluores- 
cence, especially in the case of milk. Criticisms by Hills (1939) of the Wang and 
Harris method of determining thiamin in urine appear to be unjustified. 

The reproducibility of the method depends upon the accuracy of the final 
matehing which is about 10 p.c. to 15 p.c._ The recovery of added thiamin is quan- 
titative in all cases. 
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In work with the virus of psittacosis, the mouse has been largely used as an 
experimental animal; the standard route of inoculation has been intraperitoneal, 
but recently Mauer (1938) has found that pulmonary lesions invariably follow ad- 
ministration of virus intranasally. Hornus (1939, 1940) has deseribed the macro- 
scopic and microscopic appearances of the infected mouse-lung. We have con- 
firmed these resuits, and now report further investigations in which the intranasal 
method of inoculation was used. It appears that, when limiting infective dilutions 
of virus are approached, lesions take the form of discrete foei of consolidation scat- 
tered through the lungs. These foci can readily be counted ; the counts provide an 
accurate method of titration of the virus. By this method investigations have been 
made on immunity to psittacosis and on the effect of the sulphanilamide group of 
drugs on the course of pulmonary psittacosis in mice. 


Materials used. Egg-passage psittacosis virus known to have retained high pathogenicity for 
mice was administered in high concentration by intranasal instillation; the method was that used 
in routine work with influenza virus. The lungs were removed from the mice when they became 
moribund, usually on the second or third day. The lungs from a mouse were ground with quartz 
powder, tuken up in 5 ¢.c. of broth and lightly centrifuged. Serial dilutions of the supernatant 
fluid were prepared in ice-cold saline containing 10 p.e. normal horse-serum; these were ad 
ministered in doses of 0-05 e€.c. 

The mice used were eight weeks old. Surviving animals were killed for examination eight 
days after inoculation except where indicated. 

The pulmonary lesions. Psittacosis in the mouse-lung gives rise to areas of grey consolida- 
tion involving part or the whole of a lobe. Even with large infecting doses of the virus, consolida- 
tion, although widespread, is usually not lobar. Often portion of a lobe escapes consolidation and 
is macroscopically normal and air-containing. Discrete foci of consolidation observed with 
limiting infective dilutions of virus-suspension have the same grey appearance as the larger 
areas of consolidation provoked with higher concentrations. They are grey, almost translucent 
areas 1-3 mm. in diameter and lie in apparently normal lung. Rarely, general congestion of the 
lungs and fusion of the foci make counting impossible. Focal counts are made either by direct 
inspection of the lung surfaces or by gently compressing the lobes between glass slides and exam- 
ining by transmitted light. The counts by these two methods agree, so that the foci of consolida- 
tion in almost every instance must reach the surface of the lung at some point. 

It is improbable that retrogression of foci of consolidation ever occurs. In one experiment 
a large group of mice was inoculated with virus diluted 1: 106; some examined at 8 and 16 days 
showed 1, 2, 1, 1, 0, 4, 1 foci. The remainder were left for 35 days; 6 specific deaths occurred 
from 19-31 days and 5 animals survived. The appearances in the mice dying specifically indi- 
cated that the foci enlarged centrifugally but might also produce terminal lobar consolidation. 
The survivors were used in an immunity experiment described later. 

Foci of consolidation in lungs removed eight days after intranasal instillation have been 
examined microscopi¢ally. The foci are sharply demarcated from the surrounding normal lung 
and consist of an interstitial and alveolar accumulation of mononuclear cells and polymorpho- 
nuclear leucocytes, the former predominating. Vascular congestion is present but very few 
extravascular red cells are to be found. In older lesions, the same appearances are found; often 
the vascular congestion is great at the periphery of the focus. Elementary bodies (Levinthal- 
Coles-Lillie bodies), staining blue with haematoxylin and eosin, are always visible in sections of 
infected lungs removed eight days after inoculation. They are found in mononuclear and ocea- 
sionally in polymorphononuclear leucocytes, and in the epithelium of the bronchioles. 

Smears made from infected lung stained by Castaneda’s method show numerous L.C.L. 
bodies, both intracellular and extraeellular. L.C.L. bodies are much less numerous in smears 
made from lungs in which infection has been established for two weeks or more; great difficulty 
may be encountered in finding them in old lesions. 

Titration of psittacosis virus in the mouse-lung. The aceuracy of foeal counts in titrating 
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virus was examined. Dilutions of a virus-suspension were made in the usual way; dilutions of 
1: 107, 106 and 105 were used as intranasal inocula in three groups of twenty mice. Two non- 
specific deaths occurred in the 107 group, one in the 106 group and one in the 105 group. Here, 
typical lung lesions were not observed, nor were L.C.L. bodies present in smears from the lungs. 


TABLE 1. 
Numbers of foci produced in mice inoculated intranasally with high dilutions of psittacosis virus. 
Virus dilution. Frequency distribution. Mean. 
1: 107 Foei: 0 
Number of mice: 13 
1: 106 Foci: 0 : : 4 5 j 7 3:6 


0-28 


Number of mice: 1 6 
1: 105 Foci: ; = : 2% 26 2¢ ’ se 26-7 
Number of mice: 1 : 1 2 2 é I 2 1 


One mouse in the 105 group showed coalescence of the foci, so that an accurate count was not 
possible. All these mice have been excluded from Table 1 which shows the frequency distribution 
of the foci in each group. For the eighteen mice considered in the 105 group, the standard 
deviation of the focal counts is 6-0, the coefficient of variation is 22-5 p.e. and the standard error 
of the mean is 1-43. Therefore the mean of 26-7 is unlikely to differ from the true mean by more 
than 2 X 1-4 = 2-86, if 18 mice are used in the test-group. In routine titrations of the virus it 
is impracticable to use such large numbers of mice. With smaller numbers in each group, how- 
ever, the focal counts follow a similar trend. This is illustrated in Table 24 which records the 
titration of a virus-suspension prepared from a chorioallantoie membrane, five mice being used 
in each group. It will be seen in Tables 1 and 2a that when tenfold dilutions of the virus- 
suspension are used, the means of the focal counts for each of two successive dilutions differ by a 
factor less than ten. This result has very frequently been observed not only in the titration of 
the virus of psittacosis in the mouse-lung but also in the titration of viruses on the chorioallantois 
and in accurate work with plant viruses and bacteriophages. 

Table 2 shows the results obtained in a comparative titration of a psittacesis virus suspension 
by both intranasal and chorioallantoic methods. It will be seen that, in addition to some uncer- 
tainty of the counts on the egg membranes indicated by the sign + in Table 2B, approximately 
one in fifty of the number of virus particles which established themselves in the mouse-lung 
succeeded in doing so on the chorioallantois. 


TABLE 2. 
Titration of psittacosis virus suspension, 
A. By intranasal inoculation: 
Virus dilution. Foci in lungs. Mean. 
1: 107 0 1 1 1 0-6 
1: 106 é 4 4 9 6 
1: 105 2 33 35 38 48 36 
B. By the chorioallantoic method: 
Virus dilution. Foci on chorioallantois. Mean. 
1: 106 0 0 0 0 0 
1: 105 0 0 2 4 1-5 
1: 104 0 4 10+ 10+ 6 


In comparing the intraperitoneal with the intranasal method of titration we found con- 
siderable difficulty in obtaining a definite end-point by the former method. With the strain used, 
death of the animal within 14 days with specific lesions resulted only with moderately large doses. 
With limiting infective dilutions it was often difficult to be sure whether minimal lesions e.g. en 
larged spleen and some thickening of the peritoneal folds around the liver were or were not 
specific. Our impression is that the limiting infective dose was approximately the same by both 
methods but there was no question as to the much greater definiteness of the intranasal results. 


Immunity to Psittacosis. 

Using as a test of immunity the intranasal inoculation of high dilutions of 
virus, attempts were made to immunize mice by the following methods : 1. Repeated 
intraperitoneal inoculation of virus killed by formalin. 2. Subeutaneous inocula- 
tion of living virus. 3. Intranasal inoculation of minimal infecting amounts of 
living virus. 

1. Immunity after Intra-peritoneal Inoculation of Formolized Virus. To virus-suspensions 


prepared in the usual way from mouse-lungs, formalin (40 p.c. HCHO) was added in the propor- 
tion 0-5 ¢.c. to 100 ¢.c. of suspension. After ten days in the refrigerator this material was used 
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to inoculate mice intraperitoneally, the dose being 0-5 ¢.c. Three doses were given at weekly 
intervals; two weeks after the third dose the mice were given a test dose of living virus intra- 
nasally. Two separate series were used, one of which received egg-membrane virus, the other 
mouse-lung virus. The control mice of both series were of the same age as the immunized. In 
neither series was there any evidence of immunity when the mice were examined eight days later. 
The results of the test with egg-membrane virus are recorded in Table 3. Some of the same 
batch of immunized mice, and controls of the same age, were given intraperitoneal inoculations 
of living virus. In the control series a proportion of specific deaths occurred at all dilutions up 
to 1: 104, but in the immunized only with the dilution 1: 10. This evidence of partial immunity, 
when the test dose is given by the intraperitoneal route, confirms the results obtained by Bedson 
(1933). 
TABLE 3. 


Test of mice immunized by intraperitoneal inoculation of formolized virus. 


Test Foci in lungs. 
virus dilution. Immunized mice. Control mice. 
1: 106 0 1 ] 2 0 1 2 
1: 105 3 9 11 11 12 10 x 
1: 104 72 78 81 95 102 x x 
x nonspecific deaths. 


2. Immunity after Subcutaneous Inoculation of Living Virus. Twelve mice were inoculated 
subeutaneously with 0-1 ¢.c. of undiluted living virus-suspension. Eighteen days later the 
inoculations were repeated. After a further fourteen days the mice were divided into groups of 
three, and intranasal instillations of the same strain (‘‘B’’) of virus and of virus from another 
source (strain ‘‘P’’) were made in ten-fold and thousand-fold dilutions. Control mice of the 
same age received intranasally the same virus-dilutions. The results recorded in Table 4 show no 
indication of immunity. A similar result was obtained with a small group of four mice which 
received three immunizing doses subcutaneously over a period of thirty days. 


TABLE 4. 


Absence of immunity after subcutaneous inoculation as tested against two strains given 
intranasally. 


Lung consolidation. 


Test Strain B. Strain P. 

virus dilution. Immunes. Controls. Immunes. Controls. 
1: 108 3 3 46 3 3 3 2 2 3 2 3 3 
1: 10 4 45 45 43 45 44 44 44 45 4) 4 46 


All mice showed areas of consolidation which are recorded according to the convention 
used for influenza virus lesions, 1-4 representing increasing degrees of consolidation, 4+ being 
complete or almost complete, with death on the day shown by the index figure. 


2 


3. Immunity after Intranasal Inoculation. 

(a) With living virus at limiting dilutions. Groups of twenty mice were given by intranasal 
instillation virus at dilutions 1: 107, 106 and 105, Examination of mice killed at eight and six- 
teen days indicated that approximately 0-3, 3 and 30 minimal infecting doses had been adminis- 
tered. Deaths, most of which were specific, occurred in the 105 and 106 groups up to the 35th 
day. At this stage all the survivors and control mice of the same age were given test intranasal 
inoculations of virus. Only one mouse showed any evidence of immunity; when it was killed 
14 days after the test inoculation (104 dilution of virus) the lung was normal except for a single 
area of grey consolidation presumably resulting from the preliminary infection with virus 
diluted 106, All the other mice receiving this test dose both controls and immunes died with 
specific lesions. There is therefore no evidence of immunity of the mice in which a pulmonary 
infection had been established for thirty-five days. 


TABLE 5. 


Absence of immunity after intranasal administration of killed virus. 


Test Lung lesions. 

virus dilution. Immunized mice. Control mice. 
1: 105 15 29 35 43 36 39 47 
1: 104 2 3 3 3 1 3 3 
1: 102 3 45 45 46 45 45 45 


Figures in heavy type refer to degrees of consolidation. 


(b) With formolized virus. To a virus-suspension prepared from mouse-lungs in the usual 
way formalin was added to a concentration of approximately 0-2 p.c. formaldehyde. After 
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incubation overnight, the suspension was given in 0-05 ¢.c. doses intranasally to twelve mice. 
Eight days later a second dose was given. Twenty-one days later dilutions of living virus 
suspension were instilled intranasally. The results, summarized in Table 5, give no evidence that 
formalin-killed virus administered intranasally can evoke immunity against infection by the 
same route. 

Presence of neutralizing antibody in immune sera. Serum from a patient convalescent from 
psittacosis was tested for the presence of neutralizing antibodies. Dilutions to 1: 106 and 105 
of virus-suspension were mixed with an equal volume of undiluted serum and allowed to stand 
1} hours in the refrigerator before intranasal instillation in mice. Normal human serum was 
used in a similar manner as a control. Examination of the mouse-lungs eight days later revealed 
that no neutralization of virus-activity had occurred. The results are given in Table 6. Similar 
negative results were obtained in tests with another human convalescent serum, even when the 
virus-strain used was that actually isolated from the patient’s sputum. 


TABLE 6, 
Absence of neutralizing antibody in convalescent human serum. 
Foci in lungs of mice given: 
Virus dilution. Virus + convalescent serum. Virus + normal serum. 
1: 106 0 0 0 1 ] 2 1 3 3 3 5 7 
1: 105 9 16 16 24 24 26 13 13 19 23 44 2 


Guinea-pig immune sera were prepared. Two guinea-pigs (198-199) received three intra- 
peritoneal injections of living virus suspensions over a period of six weeks. Two weeks after the 
last injection, the guinea-pigs were bled and the serum separated. Tests for the presence of 
neutralizing antibody were made as before; none was found. Table 7 records the results. 

TABLE 7. 
Test of immune guinea-pig sera for neutralizing antibody. 
Foci in lungs of mice given virus dilutions plus: 
Virus dilution. Serum 198. Serum 199, Normal serum. 
1: 106 3 0 oO 0 1 N-sp. oO oO O l 


1: 105 : a 0 0 0 ] > 0 0 0 ] 
1: 104 : 2 6 9 10 #10 4 rs) 9 10 1 


I 
2 
1 


Chemotherapy in pulmonary psittacosis in mice. The effect of sulphapyridine on the course 
of psittacosis infections in the mouse-lung was first examined. The drug was administered by 
gastric intubation in 20 mg. doses for 10 doses spread approximately equally over a period of 
seventy-two hours. Virus dilutions were instilled intranasally two hours after the first dose of 
sulphapyridine. The control mice received no chemotherapy. The results in Table 8 demon 
strate no therapeutic effect of sulphapyridine. 


TABLE 8. 
Failure of treatment with sulphapyridine to influence pulmonary infection with psittacosis virus. 
Test Foci in lungs. 
virus dilution. Treated with sulphapyridine. Controls. 
1: 105 0 3 6 7 
1: 104 24. «5B OS 5 41 78 3 
1: 108 3 3 3 3 3 3 


A further test was made in order to determine whether somewhat earlier administration 
of drugs of this series, combined with higher dosage given in part subcutaneously, influenced 
the pulmonary infection. Sulphapyridine, sulphanilamide, prontosi! and proseptasine were 
administered respectively to four groups of mice. The first dose, of 50 mg., was injected sub- 
cutaneously in the groin. Three subsequent doses of 20 mg. were given by gastric intubation. 
The final (fifth) dose of 50 mg. was injected subcutaneously. The doses were given over a total 
period of thirty hours. Each group of mice receiving a given drug was divided into three sub 
groups for intranasal instillation of 1: 105, 104 and 102 dilutions of virus suspension, four hours 
after the first (subcutaneous) dose of the drug. As in the earlier test with sulphapyridine, counts 
of foci of consolidation, or evaluation of areas of consolidation in the case of lower dilutions of 
virus, eight days after infection, revealed no difference between the mice which had recéived 
chemotherapeutic drugs and those which had not. 

A final test was made to observe the effect of sulphapyridine on the course of infection in 
mice previously given ‘‘immunizing’’ doses of formolized virus intranasally. The times and 
methods of the administration of the drug, and of the intranasal instillation of living virus, 
followed the plan of the preceding test. The attempted immunization with formolized virus 
intranasally has been described above. Control mice had been given the course of immunization 
but no chemotherapy and, in addition, the virus suspension was titrated in normal mice by 
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intranasal instillation. It has been shown above that attempts either to immunize mice by intra- 

nasal formolized virus or to alleviate the course of psittacosis infection by sulphapyridine failed. 

This experiment showed that attempted combination of both procedures was also valueless. 
DISCUSSION. 

There has been a tendency in recent years to the replacement of simple dilution 
methods of virus-titration by methods involving the production of diserete foci 
on some susceptible tissue. The plaque-counting method of bacteriophage titration 
was an obvious development from the ordinary methods for making counts of 
viable bacteria, but in principle it is similar to the analogous methods of animal 
and plant virus-titration. Plant viruses such as that of tobacco mosaie are now 
almost invariably titrated by the focal lesions method. The interesting mathe- 
matical relationships between concentration of virus and the average counts ob- 
tained have been closely studied, e.g. by Samuel and Bald (1933). The method of 
titration by pock-counts on the chorioallantois was developed in this laboratory 
(Burnet, 1936), and remains our standard method for those viruses to which it is 
applicable. With some viruses, however, of which psittacosis is a typical example, 
the method is unsatisfactory. This virus can be cultivated on the egg-membrane, 
but the lesions produced are small, irregular in size, and prone to produce secon- 
dary foci. We have shown in the present paper that the chorioallantois is also con- 
siderably less susceptible to psittacosis virus than are mouse-tissues, either lung 
or peritoneum. 

The data presented in this paper establish the value of intranasal inoculation of 
mice as an alternative means of focal lesion titration for psittacosis virus. Although 
our attempts to demonstrate a protective action of chemotherapy or of immuno- 
logical procedures were negative, the results in themselves provide particularly 
good indications of the reproducibility of the results. 

In several respects psittacosis virus resembles a small bacterium; its elemen- 
tary particle is considerably larger than any other virus, and its staining reactions 
are essentially those characteristic of bacteria (Robinow and Bland, 1938). The 
only other virus resembling it in these respects is that of lymphogranuloma in- 
guinale, and in view of the reported positive results in the chemotherapy of experi- 
mental and human infections with that virus (MacCallum and Findlay, 1938) we 
considered it important to test the activity of members of the sulphanilamide 
group of drugs against psittacosis. None of the drugs tested (prontosil, sulpha- 
pyridine, sulphanilamide, and proseptasine) influenced the lesions produced by 
intranasal instillation of even minimal amounts of virus. 

Previous work on active immunity in mice has given superficially discrepant 
results. Rivers and Berry (1931) found no evidence of immunity in mice surviv- 
ing intraperitoneal injection of virus. Fortner and Pfaffenberg, on the other 
hand, found that survivors would resist a thousand times the dose fatal to controls, 
and Bedson (1933) definitely increased resistance by immunization with formalin- 
killed virus. These discrepant findings can, we think, be clarified by consideration 
of our results in the light of Bedson’s paper on immunity to psittacosis in the mouse 
(1938). He concluded that in mice immunized with dead virus there was no de- 
monstrable resistance to infection by virus given intraperitoneally, but that multi- 
plication of the virus stopped short of that required for the production of frank 
disease. The inapparent infections produced might persist for as long as seven 
months. We have confirmed Bedson’s finding for intraperitoneal test-injections, 
but find that in equally large groups of immunized mice intranasal inoculations 
produce as many foci as in controls. It seems therefore that immunity in mice is 
never sufficient to prevent infection by either route, but may be adequate to reduce 
the intensity of multiplication below the level necessary to cause death. In such 
circumstances it is only to be expected that differences in the virulence of the strains 
used, or in the route of inoculation, might result in what appear to be widely differ- 
ent findings. 
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The position with neutralizing antibodies in convalescent serum is similar. All 
workers agree that at most only a small neutralizing effect can be demonstrated. 
Rivers and Schwentker (1934) found that if relatively large numbers of mice were 
used, intraperitoneal injections of virus and immune serum gave a significantly 
increased percentage of survivors and a lengthened survival time in those that died. 
Bedson (1938) found that virus-serum mixtures which failed to produce symp- 
toms nevertheless gave rise to inapparent persistent infections. Our failure to 
show any influence of serum by intranasal inoculation accords therefore with pre- 
vious results. 

It may be that this high resistance of psittacosis virus to antibody both in vitro 
and in vivo is correlated with the epidemiology of the infection in its natural hosts, 
wild Australian parrots and cockatoos. All the evidence (Burnet, 1934) suggests 
that primary infection normally occurs in the nest, being derived from the drop- 
pings of infected but healthy parents. For psittacosis virus to persist in nature it 
is therefore necessary that it should be able to survive in the body of an immune 
host for at least a year. 

A final point of interest is the contrast between the lesions produced by infiu- 
enza virus and by psittacosis virus in the same situation. There is no production of 
focal lesions with minimal doses of influenza virus; the small lesions produced cor- 
respond fairly obviously to the distribution of a smaller or larger division of the 
bronchial tree. Presumably influenza virus is strictly limited to the respiratory 
epithelium, and spread takes place from cell to cell by surface continuity, so that 
the distribution of alveolar collapse or consolidation is determined by the distribu- 
tion of the affected bronchioles. In psittacosis the primarily infected cells may be 
either in the bronchioles or in the alveoli, but there is no limitation of tissue speci- 
ficity, and inflammatory mononuclear cells in the neighbourhood of the primary 
lesion become infected. This process continues until a macroscopically visible 
foeus results. The behaviour of psittacosis virus is in this respect more analogous 


to a low-grade bacterial infection than to the behaviour of more typical tissue- 
specific viruses. 


SUMMARY. 


When psittacosis virus is administered intranasally to mice in high dilution, 
characteristic focal lesions are produced, the number of which can be used as a 
measure of the concentration of virus. 

Using this method of estimating virus activity, it has been shown: (a) that 
none of the commonly used sulphonamide drugs has any influence on the infec- 
tion; (b) that mice immunized by several methods failed to show increased resist- 
ance to infection by the intranasal route; (¢) that no reduction in activity of the 
virus results when it has been exposed to the action of immune serum in vitro. 

Immunization with formolized virus, which is ineffective against intranasal 
infection, produces a definitely increased resistance to intraperitoneal infection. 
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Any new method for the demonstration of virus activity, if it is to be of prac- 
tical use in research or routine work, must be suitable for quantitative estimation 
both of virus and of the specific neutralizing power of immune sera against the 
virus in question. This paper is concerned with the potentialities of the amniotic 
method for titration of influenza viruses and for the demonstration of specific 
neutralizing antibodies. Of these the first is the more important, as there is other- 
wise no practical method of titrating virus which has not been adapted (and 
changed in the process) for growth in mice or on the chorioallantois. Ferrets are 
too expensive to breed and maintain to allow their use for any extensive quanti- 
tative experiments. Neutralization tests, on the other hand, can be carried out 
very conveniently in mice or eggs with suitably adapted strains of the different 
antigenic variants. It will be shown that while the amniotic method is very valu- 
able as a method of direct titration it is almost useless for serum-neutralization 
tests. Actually the results of the duplicate experiments in which the same serum- 
Virus mixtures are inoculated amniotically into chick embryos and intranasally in 
mice provide very striking evidence of the now well-established fact that antiserum 
has no directly destructive effect on the virus. 

Technique. The inoculation technique has already been described. Titrations were made 
by the inoculation of serial ten-fold dilutions made in ice-cold saline containing 10 p.c. normal 
horse-serum. The amounts injected were approximately 0-05 ¢.c. Owing to the difficulty of 
calibrating fine-pointed capillary pipettes, it was judged sufficient to estimate the amount by 
eye, and since we are concerned only with tenfold differences, any error introduced would be 
insignificant. Eggs were opened at two or more days after inoculation, according to the principles 
discussed in the preceding paper. A decision as to whether specific infection had occurred was 
based on (a) death of the embryo at the appropriate period without evidence of bacterial con- 
tamination, (b) typical tracheal smear and/or characteristic macroscopic changes in the lungs. 
Where an end-point was based only on the death of an embryo appropriate subinoculations were 
made to confirm the result. 

Tests for the inactivating power of sera were made according to the methods described by 
Burnet, Keogh and Lush (1937), the mixtures of appropriately diluted reagents being usually 
allowed to stand at refrigerator temperature for two hours before inoculation. Tests in mice or 
on the chorioallantois followed the conventional lines. 


1. Titration of Virus-Containing Material by the Amniotic Method. 


(a) Unadapted ferret virus. We have not attempted to determine the infective titres of 
unadapted virus for ferrets, owing to the prohibitive expense of sufficiently large numbers of 
animals. As an independent check on the values obtained by amniotic titration, the same dilu- 
tions were inoculated intranasally in mice, which were tested a fortnight later for immunity to a 
mouse-passage strain. The virus used was in the form of amniotic fluid from embryos inoculated 
with first passage ferret-turbinate emulsion of the strains ‘‘ Bund.’’ and ‘‘R’’. 

Table 1 shows the results obtained by the two methods of titration. The results are quite 
typical of those obtained with virus strains of this type. There are always a few eggs which 
die early and from which no definite information can be obtained, and when the infective limit is 
approached there is an occasional ‘‘miss’’ at dilutions which would be expected to infeet with 
regularity. 


1 Work carried out under grants for research on virus diseases from the National Health and 
Medical Research Council and from Mr. E. Alee Cato. 
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TABLE 1. 


Comparison of power to infect chick embryos by amniotic inoculation with immunizing power 
for mice of wnadapted influenza virus. 


Strain and Lesions by Response of mice to test injection 
dilution. amniotic inoculation. of ‘‘ Melbourne’’ virus 1: 100; 
——" 107 +, (+), 
107° i, tat, —, 44, 44, 46 
10° +, +, +, (+) 48, 45, 46, 3 
10> 47, 0 
10~* ee 
ww 0 
107 0, 0 
‘*‘Band’’ 16° - 
10% +, +, 44, 46, 45, 45 
10> +, +, +, + 44, 44, 45, 46 
10> 44, 44, 46, 3 
| ig 45, 47, 2,2 
10 “2 i 
107 =, 1,3, ¢ 


+ = definite infection with typical tracheal fluid smear. 
(+) = embryo dying on third or fourth day, probably from specific infection. 
= embryo surviving to fourth 6r fifth day without evidence of infection. 
Early deaths or embryos showing bacterial contamination are not recorded. 
Mice lesions are recorded according to the usual convention. 
Those which indicate partial or complete immunity are in heavy type. 


Both fluids are infective to a dilution beyond 1: 106 by the amniotic method. Neither pro- 
duced typical lesions in mice, although there was a number of deaths amongst mice given the 
lower dilutions of strain ‘‘R’’. Post mortem, these animals show at most only small areas of 
consolidation in the lungs, and the deaths were considered to be of nonspecific origin. Tests with 
undiluted material in mice gave a proportion of one- and two-grade lesions when the lungs were 
examined at seven days. The unadapted strain ‘‘Bundoora’* gave even less, only doubtful 
one-grade lesions being found. Despite the absence of lesions, infection of the monse lung 
evidently occurs with both strains, as judged by the development of immunity. At least 1,000 
minimal infective doses by the amniotic route are necessary to induce immunity. As far as ean 
be judged from the rather incomplete data, it requires a larger amount of ‘‘ Bundoora’? virus 
than ‘‘R’’ virus to immunize, and it is clear that the grade of immunity produced is lower. 

This experiment is of interest from several points of view. In the first place it 
shows that unadapted virus can infect mice fairly readily, although no lesions are 
produced. This may provide a simple means not hitherto used to detect influenza 
virus in human throat washings, viz. by inoculation of filtrates intranasally in mice 
with a test for immunity fourteen days later with a standard strain. Second, it 
provides an example of a quantitative experiment quite impracticable by any 
method other than the amniotic technique, and finally, it indicates the very high 
virus titre obtained in the fluids of embryos inoculated by this route. We have 
never encountered a fluid either amniotic or allantoic which was not infective at a 
dilution of 10—®, and have frequently obtained infection at a dilution of 10—°. 

(b) Mouse virus. All the mouse-passage strains we have tested will infect amniotically, and 
in Table 2 is shown the result of a comparative titration of ‘‘ Melbourne’’ strain by the amniotic 
method and in mice. The virus was prepared in the usual way by grinding one mouse lung 
removed two days after inoculation, with quartz powder and 5 c¢.c. of broth. Dilutions were 
made from the supernatant fluid after centrifugation. 


TABLE 2. 


, 


Comparative titration of ‘* Melbourne’’ mouse strain amniotically and by intranasal inoculation 


in mice. 
Virus dilutions. 
10°* 107° 10 10~* 10~ 10~ 


Amniotic method +, +, (+) (+), - 4. + . ae = 
Mice intranasally 44, 44, 46 44, 46, 46 46, 47, 47 3, 3, 2 2, 2,1 
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This preparation was rather more active than was expected, and the end-point was not 
reached with either method. 

The results are sufficient to show that the amniotic method is at least as sen- 
sitive as the mouse intranasal technique, even with a strain long adapted to and 
highly virulent for mice. 

(c) Egg passage virus. Our standard egg passage strain ‘‘ Melbourne’’ differs from all 
the other influenza strains tested in failing to give infections of the respiratory tract. When 
‘ inoculated amniotically, multiplication takes place probably in the cells of the amnion and rapid 

blood-borne infection of the embryo follows, with death in two, or at most three days. Com- 
parative titrations by amniotic and chorioallantoic routes gave approximately the same end- 
points. With this strain there is no advantage of the amniotic method over the standard one. 

The other well-adapted egg strain ‘‘W.S.’’ (egg) however, behaves normally, producing 
typical lesions of the respiratory tract, except in an occasional embryo dying early which shows 
only the septicaemic type of lesion. The end-point of titrations by amniotic and chorioallantoic 
methods is similar. 


2. Serum-Neutralization Experiments by the Amniotic Technique. 


Two consistent findings of considerable interest have emerged from attempts 
to carry out neutralization experiments with immune serum by the amniotic 
method : first, even with mixtures which by other tests are greatly over-neutralized 
infection still occurs in a proportion of embryos; and second, that with a well- 

ks adapted amniotic passage strain, immune serum, although it does not prevent in- 
fection, protects the embryo against the normally lethal action of the virus. 

A typical experiment with the amniotic passage strain ‘ Bur.’’ and homologous ferret immune 
serum is shown in Table 3. 


TABLE 3. 


Failure of neutralization by tmmune serum in amniotically inoculated embryos. 


Virus + serum mixtures. Amniotic test. Mouse intranasal test. 


‘¢Bur.’’? + F.122 1:2 +, +, + 0, 0, 0 
Pigs 1:10 (+), (+), (+) 0, 0,0 
F.122 1: 100 +, +, (+) ee 
Saline (+), (+), (+) 44, 45, 46 


The same virus strain and serum were retested using in addition mixtures of ferret serum 
with dilute virus. Table 4 shows the results. 


TABLE 4, 


Action of scrum on diluted virus of amniotic route. 


Virus + serum mixtures. Amniotic test. Mouse intranasal test. 
‘¢Bur.’’ 10°? + F.122 1:2 +, 5 
10— ee 1:2 ’ 
107? , ke ie, 
Undiluted _,, 1:2 +, + 0, 0, 0 
. - 1: 10 0, 0, 0 
” - 1: 50 . 3 2 
**Bur.’’ 10-* alone +, + 1, 0, 0 
~~ = (4-5: C2 i a 
a +, + 45,22 


This is characteristic of experiments in which a large excess of immune serum is present 
in the mixtures. There is a significant proportion of embryos which fail to become infected, 
but no regularity in the results. 

Even when the time of contact between serum and virus is prolonged to two days before the 
inoculations are made there is very little change in the degree of inactivation. Table 5 presents 
another experiment with the same reagents in which mixtures were tested at two hours and again 
two days after. 

It will be seen that there is no significant change either in the amniotie or the mouse results 
when the time of contact between serum and virus is increased to forty-eight hours. 
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TABLE 5. 
Attempted inactivation by long contact between serum and virus. 


Amniotic test. Mouse intranasal test. 
Virus-serum mixture. 2 hours. 2 days. 2 hours. 2 days. 
‘¢Bur.’’ + 8.122 1:2 +, +, (+) - 0, 0 0, 0, 0 
$.122 1:10 0 -is 
$.122 1:50 (+) 1 4,9 
‘«Bur.’’ 10 alone +, +, + + 1 ; 1 
io ,, +, (+), (+) + : = 


Although infection is not prevented by immune serum, there is a significant prolongation of 
the time for which the infected embryos survive. In the experiment shown in Table 6 all the 
eggs were incubated after inoculation for six days or until death of the embryo occurred. 
Embryos dead at twenty-four hours are not noted in the table. All the other deaths were appar 
ently specific. Parallel tests with the same mixtures were made in mice, but it should be 
recognized that the strain used, fortieth amniotic passage ‘‘R’’, had never previously been in 
mouse tissues, and was of only moderate and rather irregular virulence for mice. 


TABLE 6. 


Action of immune serum in allowing survival of infected embryos. 


Virus-serum mixture. Amniotic. Mouse intranasal. 
0, 0, 0 
0, 0, 0 
0, 0, 0 
S 3.3 


**R’? 1: 100 + 8.129 
1:10 + 8.129 
1:10 +8.129 
1:10 +8,129 
1:10 + saline 
10-* 

1077 
10~ 
10> 
10 
| i 


Co te 


tor 


a> age age a = ag a a op 
wis Ww 


t specific death of embryo. 
+ specific virus lesions in surviving embryo on day shown. 
: no lesions in embryo examined on day shown. 


To complete this experiment the same serum and similar virus, forty-third amniotic passage 
‘*R’’, were tested, using virus diluted serially from 1: 100. The survivors were examined five 
days after inoculation. 


TABLE 7. 
Action of immune serum on low concentrations of virus. 


Virus-serum mixture. Amniotie test. 
**R’? 1: 105 + 8.129 +4, 5, 5, 
: 104 + 8.129 Pe ee es 
: 103 + 8.129 45, —5 
: 102 + 8.129 4, t5, +5 
: 106 +- saline 3, +3 


Symbols as in Table 6. 


In this experiment we have one embryo certainly infected with a mixture of virus 1: 104 
and undiluted serum, while in mice 1,000 times the amount of virus is neutralized by serum 
diluted 1: 5. 

All the experiments described so far were made with amniotic passage virus, since our main 
preoccupation was with the hypothetical problem: if an unknown respiratory virus were isolated 
by the amniotic method, how could serological studies be carried out? It was of interest to 
apply the method to influenza virus strains which had been maintained by mouse passage, and to 
use serum-mouse virus mixtures. With such material a much closer correspondence between 
amniotic and mouse lung tests was evident, but in practically every experiment an occasional 
embryo was infected with mixtures which were completely inactive for mice. This difference is 
not due to the nature of the material in which the virus is suspended, but to a functional change 
in the character of the virus itself. Table 8 shows the result of experiments in which the mouse 
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strain ‘‘R’’ was tested as mouse virus (‘‘R.M.V.’’) and in the form of amniotic fluid from 
embryos inoculated with mouse virus (1st ‘‘R.M.A.P.’’) against an homologous ferret serum, 
erat’ 's 


TABLE 8. 


Comparison of mouse virus with first amniotic passage material. 


Serum-virus mixtures. Amniotic test. Mouse intranasal test. 

“R?MV.+F97 1:2 i, any oe 0, 0, 0 
1: 10 (+), — — 0, 0, 0 
1: 50 + + 2,1,1 
‘sR’? M.V.1: 100 +, + 47, 3, 3 
1: 1,000 +, (+) 2.2,3 

1: 10,000 +. + 2.1 
‘oR’? MAP. + F.97 1:2 —_,— 0, 0, 0 
1: 10 ——-), - 0, 0, 0 
1: 50 ee 0, 0, 0 
‘*B°? MAP. 1: 100 +, + a 


This result should be contrasted with the behaviour of ‘‘R’’ amniotic passage strain with a 
similar though slightly weaker homologous immune serum shown in the previous two Tables. 

‘*Melbourne’’ virus fully adapted to the chorioallantois appeared to be fully neutralized 
when tested by the amniotic method. When a mixture of virus (titre 2 X 105) with undiluted 
homologous serum was tested on the chorioallantois an average of seven foci per membrane was 
obtained. By the amniotic route the same mixture gave one specific death and two survivals. 
No specific deaths were obtained with virus 1: 10 and 1: 100 plus immune serum. 


DISCUSSION, 


An extensive experience of several thousand amniotie inoculations is suffi- 
cient to allow the statement that once the technique has been mastered titrations are 
as convenient and satisfactory as any other method of animal inoculation which 
gives a simple positive or negative result. We are at present applying the method 
to determining the amount of virus which can be washed from the nasal passages 
of ferrets at different stages of infection. There seems to be no reason why it should 
not be equally applicable to similar studies in human beings and so supply data not 
at present available which might provide an important help toward understanding 
the epidemiology of influenza. 

The serological studies reported are of considerable theoretical interest. It 
has been established for some years that the interaction of a typical virus with 
homologous immune serum does not result in irreversible destruction of the virus. 
The apparent inactivation is a result in which the virus, the specifie antibody, and 
the susceptible cells of the test organism are all concerned. Discussions of the 
general problem with references will be found in the monograph by Burnet, Keogh 
and Lush (1937) and in the article by Hallauer (1939). One of the most decisive 
ways of demonstrating that a serum-virus mixture, non-infective for some stan- 
dard test animal, still contains active virus is to produce infection with the same 
mixture by some other route of inoculation or in some other organism. The ex- 
ample shown in Table 7, in which infection of the chick embryo was produced by 
a mixture with a serum: virus ratio 5,000 times that in a mixture completely non- 
infective for mice is probably the most striking one yet published. 

Such a result was obtained using virus adapted to multiply by the amniotic 
route by more than 40 consecutive amniotic passages. Mouse virus of the same 
original strain was much more readily inactivated by immune serum, the results 
by the amniotic route being not greatly discrepant from those in mice. Evidently 
a change has occurred in the virus by virtue of which infection of cells of the re- 
spiratory tract by virus partially coated with antibody globulin is greatly facili- 
tated. Discussion of such changes in character on passage will be deferred to a 
later paper dealing specifically with the changes in influenza virus activity asso- 
ciated with continued amniotic passage. 
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Although immune serum has very little effeet in preventing infection by am- 
niotie passage strains, it allows a considerable prolongation of the life of the em- 
bryo. In most respects the fate of an embryo infected with passage virus plus 
serum is the same as that of an embryo infected with dilute unadapted virus alone. 
We have at present no indication as to why amniotic infections with passage strains 
kill the embryo so rapidly, and very little can therefore be said about this effect of 
serum. There are certain analogies to be found in the behaviour of rickettsiae and 
psittacosis virus with homologous immune serum. In both cases symptoms may be 
reduced or a longer period of survival result without any evidence that infectivity 
is destroyed. 


SUMMARY. 


The amniotic method may be used for the titration of any type of influenza 
virus. 

Unadapted virus administered intranasally to mice may provoke immunity 
without producing visible lesions. 

With mouse and chorioallantoic passage strains the titre determined by am- 
niotie titration is approximately the same as that obtained by standard methods. 

With strains adapted to amniotic passage there is very little effect of contact 
with immune serum apart from a prolongation of the survival period of the embryo. 

With unadapted strains inactivation by serum can be demonstrated using 
amniotic inoculations. 
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In a previous paper, Atkinson and Collins (1940) reported swine erysipelas 
in South Australia. Various strains of Erysipelothrix were submitted to detailed 
cultural and serological investigation. The cultural reactions corresponded well 
with those described by other workers, but antigenically the strains of Erysipelo- 
thrix did not form a homogeneous group. As many Australian strains as possible 
were collected, therefore, from this and other States!, for detailed examination. 
The results demonstrated the existence of at least two antigenically-distinet groups. 

Of 33 Australian strains, 13 (E2, E3, E5, E8, E9, Ell, E13, E16, Ei7, E37, E39, E40, E43) 
were isolated during 1939 and 1940 in South Australia from pigs suffering from swine-erysipelas, 
in chronic, urticarial or septicaemic form. E44 was obtained from a pig in Victoria, E19—E37 from 
New South Wales. Strains E19—E28 were isolated from cases of ovine arthritis between 1924 
and 1928, E29 from ovine arthritis in 1939. E30-37 were pig-strains of which E31—E34 were 
isolated from cases of porcine arthritis during 1939. One English strain, No. 1224 N.C.T.C., 
was labelled E1. 


Cultural reactions. Only smooth forms of Erysipelothrix were investigated. 


After growth in serum-broth for 18 to 24 hours, followed by plating on horse-blood-agar, a 
typical smooth colony was cultivated in serum-broth. In this medium rough variants rarely arose, 
even after two months. Stock-cultures were preserved therefore in serum-broth. In partly 
rough cultures, the rough variant was usually predominant at or above 37° C., while at 30°-32° C, 
the growth of the smooth variant was favoured. Therefore, all cultures were ineubated at 
30°-32° C. 

Cultures in serum-broth and on blood-agar consisted of small, slender, Gram-positive rods 
arranged singly or in short chains and often showing irregular staining. All were non-motile. 

In serum-broth a uniform suspension appeared in 24 hours and gradually settled out; the 
sediment could readily be resuspended on shaking. In ordinary broth in 24 hours the turbidity 
was less. On blood-agar in 24 hours all strains showed typical smooth colonies, water-clear and 
circular with glistening surface, entire margin and surrounding zone of greenish discolouration. 
Growth on ordinary agar was poor and the colonies were often rough. On MacConkey’s agar 
there was no growth. In a gelatine-stab growth occurred slowly at 18° C. and lateral outgrowths 
of transparent fluffy appearance formed after 1-4 weeks. Acid was produced from glucose, 
maltose and lactose, but not from sucrose or mannitol. 

Cultures dried over PO; in vacuo remained viable for at least three months and yielded only 
smooth organisms. 

Serological reactions. The 34 strains of Erysipelothrix were submitted to ag- 
glutination and agglutinin-absorption tests, using antisera prepared against seve- 
ral of these strains. 

Antisera. Heat-killed (56° C for 30 min.) suspensions of washed organisms were prepared in 
saline from 24-hour cultures in serum-broth and standardized to an opacity corresponding to 
approximately 1300 X 106 Bact. coli per ml. Graded amounts (0-1 ml—1 ml.) were injected 
intravenously into rabbits on eight successive days. The animals were bled on several occasions 
between the ninth and sixteenth days after the first injection, and the sera preserved with 0-25 p.e. 
phenol. 

Suspensions. These consisted of 24-hour broth-cultures containing 0-25 p.c. formalin and 
killed at 56° C. in 30 minutes. In a large series of tests, this type of suspension gave results 
comparable with or slightly better than live broth-cultures and did not show auto-agglutination. 
Saline-suspensions of organisms from cultures in serum-broth showed some precipitation. 

The suspensions corresponded in opacity to that of approximately 350 x 106 Bact. coli 
per ml.; they remained stable for at least two to three months. All new suspensions were 
standardized against the old one, and generally possessed the same agglutinability; if not, they 
were discarded. 


1 Many workers have assisted me in obtaining these strains. 








46 NANCY ATKINSON 


Technique of agglutination tests. To serial two-fold dilutions of antiserum in saline an equal 
volume of suspension was added and the mixture placed in a water bath at 55° C. Agglutination, 
which was of the granular O type, was complete after 18 hours. Complete agglutination was 
taken as the end point. 

Technique of agglutinin-absorption tests. Serum in a concentration 200 times its titre was 
mixed thoroughly with an equal volume of saline-suspension of washed organisms from a serum- 
broth culture and allowed to stand overnight at 2° C. After centrifuging, the clear supernatant 
liquid was used for agglutination tests. Where necessary, this supernatant liquid was absorbed 
a second time. Controls were included. 

Results of agglutination tests. The first set of tests performed with four different antisera 


and the homologous organisms, E1, E2, E3 and E5, are shown in Table 1. Antisera £2, E3 and 


TABLE 1. 
Results of agglutination tests. 
Reciprocal titre with antiserum prepared against 
Antigen. El. E2. E3. E5. 
El 2 560 320 640 20,480 
E2 a 2 560 1,280 2.560 
E3 — 1,280 1,280 1,280 
E5 1,280 640 640 20,480 


> no agglutination at a dilution of 1/20 or more. 


E5 agglutinated all four strains to varying titres; antiserum E1 failed to agglutinate E2 or E3. 
Thus the strains could be divided into two groups by agglutination tests with E1 serum, El and 
E5 forming one group and E2 and E3 the other. A similar division is indicated less clearly by 
the other sera. 

All strains of Erysipelothrix were then tested against E1, E2 and E5 sera seleeted as repre 
sentative of three possible types. Table 2 indicates the existence of three serological groups. 


TABLE 2. 


Results of agglutination tests. 


Reciprocal titre with antiserum prepared against 


Antigen. El. E2. E5. 
E8 2.560 640 10,240 
E13 _ 1,280 2,560 
E16 320 1,280 2.560 
E21 1,280 640 10,240 

134 160 1,280 2,560 
E40 — 1,280 2,560 
E44 2560 640 20.480 


— = no agglutination at a dilution of 1/20 or more. 


TABLE 3. 
Results of mirror absorption tests. 
Titre Reciprocal titre after absorption with 
Antigen. Serum. unabsorbed. El. E2. E3. 5. 

El El 2 560 2,560 2,560 ibs 
E2 El — — 
E3 El — -- 
E5 El 1,280 1,280 
El E2 320 -- 
E2 52 2,560 1,280 
E3 02 1,280 1,280 
E5 E2 640 320 
El E3 640 -— 
E2 E3 1,280 
E3 E3 1,280 1,280 
E5 E3 640 
El 05 20,480 -- 20,480 
E2 E5 2,560 640 — 
E3 E5 1,280 320 os — 
E5 E5 20,480 640 2,560 2 560 


— = no agglutination in any dilution tested; the lowest dilution was 50 X titre. 
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The first El group (including E8, E21 and E44) was agglutinated by El and E5 sera to 
full or half-titre and by E2 serum to less than half-titre. The second or E2 group (including 
E13 and E40) was agglutinated to full or half-titre by E2 serum and to one-eighth titre or less 
by E5 serum, but not by El serum. These two groups correspond with those already indicated 
by the previous tests. The third group (including E16 and E34) resembled the first in that it 
was agglutinated to some extent by all three sera, but agglutination to full or half-titre occurred 
only with E2 serum; the other two sera, El and E5, produced agglutination to one-eighth titre 
or less. This group, therefore, is most closely related to group 2. 

There were 13 strains in group 1, 8 in group 2, and 13 in group 3. 

Results of agglutinin-absorption tests. The four strains, El, E2, E3 and E5 and their 
homologous antisera were used in a set of ‘‘ mirror tests’’ in which each serum was tested by 
absorption with each strain except the homologous one. (Table 3.) 

The ‘‘ mirror test’’ with E2 and E3 showed that these two organisms contained the same 
antigenic components; agglutinins for the homologous organism were removed completely by 
absorption with the other. 

With E1 and E2 or El and E3 the cross-absorption tests revealed little antigenic relationship ; 
absorption with the heterologous organism either had no effect on the titre for the homologous 
organism or caused only slight reduction. In these tests E2 and E3 again behaved similarly, 
thus confirming the suggestion that they were antigenically identical. 

The antigenic distinction between E5 and the other strains was not so clear-cut. Cross- 
absorption tests with El showed a marked sharing of antigens. E5 completely removed agglutinins 
for the homologous organism from E1 serum, indicating that E5 contained all the antigens of E1; 
the two organisms were not antigenically identical, however, because absorption of E5 serum 
with El did not completely remove agglutinins for E5 although their titre was very markedly 
reduced. Thus E5 contained a major antigenic component similar to that characteristic of E1, 
and also another antigen not present in El. Absorption tests with E2 and E3 showed the presence 
in E5 of the other antigenic component found in E2 and E3; absorption of E5 serum with either 
E2 or E3 caused a marked reduction in titre for E5 and absorption of E2 or E3 serum with E5 
also caused a reduction in titre. Thus E5 is related antigenically to El, E2 and E3. 

The results of these absorption tests again indicate two antigenic types of Erysipelothrix 
represented by El and E2 respectively, and an intermediate type, E5, related to both. 

Results of agglutination tests with absorbed sera. E1 serum was absorbed with E2 and E2 
serum with El; these sera then agglutinated only the homologous organisms, and were therefore 
specific. All strains of Erysipelothrix were tested by agglutination with these specific sera. 
Typical results are given in Table 4. 


TABLE 4, 
Results of agglutination tests with absorbed sera. 


Reciprocal titre with Strain 


Serum. El. E2. E3. E5. E8. E13. E16. E21. E31. E34. E40. E44. 
El absorbed 2.560 —_ — 640 640 — — 1,280 1,280 — — 1,280 
E2 absorbed — 640 640 160 160 640 640 640 — 320 640 40 


—= no agglutination at a dilution of 1/40 or more. 


With the specifie sera the three groups indicated by the mirror tests appeared; firstly the 
El group (F1 and E31) agglutinated by E1 serum but not by E2 serum, secondly the E2 group 
agglutinated by E2 serum but not by El serum (E2, E3, E13, E16, E34 and E40), thirdly the E5 
group agglutinated by both El and E2 sera (E5, E8, E21 and E44). E26 was not agglutinated 
by either serum and could not be typed. 

To test further the presence of both El and E2 type antigens in E5, absorption tests were 
made with E5 serum. This serum after complete absorption with E1 still agglutinated E2 and 
E5, and after complete absorption with E2 still agglutinated E1 and E5 (see Table 3). 

Strains of the E1 group were rare; only one, E31, was found among the Australian Ery- 
sipelothrix. E1 itself, as already noted, was an English strain. There were 20 strains in the 
12 group. The E5 group contained 11 strains. 

These results confirm the presence in the Erysipelothrix group of two different antigenic 
factors represented in F1 and E2 respectively and occurring together in the E5 type of Erysipelo- 
thriz. 

Tests with heated antigens. Watts (1940) obtained two distinct serological groups of 
Erysipelothrix by direct agglutination with antisera prepared against and tested with suspensions 
steamed for four hours. Heated suspensions of El and E16 were prepared by Watts’ method, 
using 1/2000 merthiolate as antiseptic. For comparison, suspension containing 0-25 p.c. formalin 
was also steamed. As controls, unheated merthiolate- and formalin-suspensions, and a fresh 
saline-suspension of living organisms were included in tests performed with the El and E2 sera 
used in all the previous experiments. To obviate possible differences in agglutinability from 
one subeulture to the next all suspensions were prepared with organisms from a single serum-broth 
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culture of the required strain. The preparation of sera against heated organisms was not con- 
sidered necessary, as serum prepared in the standard way should contain antibodies for all the 
important antigenic factors, heat-stable and heat-labile, in the organism. The results of these 


tests are given in Table 5. 


TABLE 5. 
Results of agglutination tests with various antigens. 


Reciprocal titre with antiserum prepared against 
Antigen. El. a 

merthiolate heated 640 40 

formalin heated 2,560 160 

merthiolate unheated 1,280 160 

formalin unheated 2,560 640 

saline unheated 2 560 640 


ime 


4 


bey bry eet By by 


CEES ESE. 


merthiolate heated 20 320 
formalin heated 40 1,280 
merthiolate unheated 80 640 
formalin unheated 160 1,280 
saline unheated 160 1,280 


ps bs oo 
EPEC EY! 
Saan 


tz 
7) 


The strains El and E16 were selected for this test because they represented the antigenic 
types, El and E2 respectively, but both showed cross-agglutination with unabsorbed sera (see 
Tables 2 and 4). This cross-agglutination still occurred with the heated suspensions which, 
however, gave a lower titre than the unheated ones (Table 5). Both heatea and unheated sus 
pensions containing formalin gave higher titres than those containing merthiolate; unheated 
formalin-suspension gave the same results as the fresh saline-suspension. 

Extraction of the specific antigen. Extraction of the organisms with hot dilute acetic acid 
produced a solution which gave a positive ring-test with homologous antiserum. 

A suspension of the organisms from 100 ml. of a 24-hour serum-broth culture in 5 ml. of 
N/30 acetic acid was placed in a boiling water bath for 45 minutes, cooled, neutralized with 
NaOH and centrifuged. For the ring-tests 0-3 ml. of this clear extract was layered in a Dreyer 
tube on 0°3 ml. of antiserum diluted 1/3 in saline. Readings were made hourly for five hours with 
mixtures at room temperature (about 18° C.). A final reading was made after the tubes had 
been kept at 2° C. overnight. After five hours at 18° C. the results, some of which are given in 
Table 6, were easily read and showed a marked specificity of reaction. 


TABLE 6. 
Results of ring tests with acetic acid extracts. 


Antiserum Extract of Strain 
prepared against El. E2. E5. 526. E31. E39. 
El + + + + + 
02 + 
25 7 ~ + + + 
+ = ring present after 5 hours at 18° C. 


The extracts formed two groups. One corresponding to the El type of Erysipelothrix gave a 
positive test with E1 and E5 serum but not with E2 serum; the other representing the E2 type of 
Erysipelothrix gave a positive test with E2 serum but not with El or E5 serum. The intermediate 
or E5. type of Erysipelothrix was not detected by the ring-tests at this time and organisms of 
this group fell into the El group. However, after standing overnight at 2° C., a weak reaction 
was given by the E5 extract with E2 serum. Similar results were found with the extract of E21 
(an E5 type by agglutination), but E44 (also an E5 type by agglutination) gave no reaction with 
E2 serum. Table 4 shows that although both El and E2 type-sera agglutinated E44, the titre was 
low with the E2 serum, suggesting that only a small amount of E2 type antigen was present. 
This was not detected in the extract. 

All extracts gave a strongly positive Molisch test, and the active substance could be pre- 
cipitated by the addition of two volumes of alcohol. The specific substance appears to be a 
carbohydrate. 

Tests with extracted organisms. Satisfactory suspensions of organisms extracted with acetic 
acid could not be made. All showed some degree of auto-agglutination in saline and many even in 
distilled water. Agglutination tests with E1, E2 and E5 sera were performed with all suspensions 
which appeared relatively stable. No agglutination occurred except where the control was auto- 
agglutinated. 





AUSTRALIAN STRAINS OF ERYSIPELOTHRIX 


PATHOGENICITY TESTS. 


In mice the strains tested produced characteristic conjunctivitis and the animals died 24 
days after inoculation with an amount as small as 0-001 mi. of broth culture. Organisms of E2 
type killed mice most rapidly. 

Inoculated intravenously and intradermally into a pig in a large dose, E2 produced an acute 
illness described fully elsewhere (Atkinson and Collins, 1940). The animal appeared to recover 
completely, increasing rapidly in size and weight, but eight weeks after inoculation it suddenly 
died. Post-mortem examination revealed on the heart-valves large vegetations characteristic 
of chronic swine erysipelas. Erysipelothrix of E2 type was isolated in both rough and smooth 
forms from these lesions and from other organs. E2 type of Erysipelothrix is pathogenic there- 
fore for pigs and causes typical chronic swine erysipelas. Intradermal inoculation of E2 produced 
within a few hours a pronounced local reaction. Tests in the pig were made therefore with strains 
of Erysipelothriz representative of the various serological types to determine if any particular 
type was associated with this reaction. The sediment from 5 ml. of a 24-hour serum-broth culture 
was suspended in 0-5 ml. of saline and 0-2 ml. was injected intradermally. A positive reaction 
appeared in a few hours as a reddish-purple raised area several centimetres across. All the strains 
tested gave positive results. 

None of the strains tested was pathogenic for guinea-pigs. 

DISCUSSION. 

The morphological and cultural characteristics of Australian Erysipelothrir 
agree well with those recorded for other strains. There has been some divergence 
in the biochemical reactions obtained by various workers. All our cultures fer- 
mented glucose, lactose and maltose. Deem and Williams (1936), using a special 
medium, did not obtain fermentation of maltose with any of their 37 strains, nor 
did Barber (1939) with six strains. On the other hand, Watts (1940) working 
with 43 strains of varied origin recorded acid production from maltose by all. 

Topley and Wilson (1936) mention that Erystpelothriz is very susceptible to 
desiceation, but the cultures tested here remained viable for at least three months 
after drying in vacuo. 

Serological tests demonstrated that the Erysipelothrix group was not anti- 
genically homogeneous (see Topley and Wilson, 1936), but contained two different 
antigens specific for types El and E2 respectively. Strains could be typed by the 
use of specific absorbed sera, when an intermediate antigenic type (E5) containing 
both specific antigens, with that of El predominating, was discovered. The dis- 
tinet types El and E2 may correspond to the groups described by Watts (1940), 
who did not record intermediate types. The cross-agglutination which occurred 
with unabsorbed serum may have been due to the presence of a group-antigen dis- 
tinct from the specific antigens and shared by all types, or to the presence in a 
specific organism of a small amount of heterologous type-antigen resulting in the 
production, during immunization, of both El and E2 antibodies. The latter ex- 
planation seems the more probable. There is a strong resemblance between the 
antigenic picture of the Brucella (see Wilson and Miles, 1932) and that of the 
Erysipelothriz. 

The E2 type of Erystpelothrix was the most virulent for mice and caused 
chronic swine erysipelas in a pig; pathogenicity, however, was not associated par- 
ticularly with any antigenic type, as both El and E5 types killed mice though more 
slowly than E2. Ovine and porcine strains of Erysipelothriz could not be differen- 
tiated on antigenic type as they ineluded both E2 and E5 types. The El type was 
found only once among the Australian strains; this strain was E31 from a case of 
porcine arthritis. 

Apart from the rarity of El types, there appears to be no correlation between 
antigenic type and the form of natural infection in the pig; both the E2 and E5 
types have been isolated from cases of septicaemice and urticarial swine erysipelas 
and of arthritis. In the diagnosis of Erysipelothrix infections by the agglutination 
test with the animal’s serum one should include in the test suspensions represen- 
tative of the various types of Erysipelothriz. 
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SUMMARY. 


Thirty-three Australian strains of Erysipelothrix were investigated. Cultur- 
ally and morphologically these strains resembled those deseribed elsewhere. Sero- 
logical tests showed the presence of two distinet antigenic types of Erysipelothrix 
and a third intermediate type. Strains could be typed by agglutination with 
specific absorbed sera. A specific substance, probably a carbohydrate, was ex- 
tracted from the Erysipelothrix of each type. 

The results of pathogenicity tests showed no particular relationship between 
antigenic type and virulence. The antigenic type could not be correlated with the 
source of the culture. 
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During the past three years 1,341 strains of Streptococcus pyogenes (Group 
A) have been collected in this laboratory. Progress reports of the work have been 
published (Keogh and Kelsey, 1939; Keogh, Maedonald, Battle and Puckey, 1939 ; 
Keogh, Macdonald, Battle, Simmons and Williams, 1939(a) ; idem, 1939(b) ; Mae- 
donald, Simmons and Keogh, 1940; Keogh and Simmons, 1940). 

The purpose of this paper is to discuss some technical methods used, to give 
the results of further work and to collect scattered facts about the local serological 
types of Australia. 

Remarks on technique. After trying several technical methods (Griffith, 1934; Pauli and 
Coburn, 1937; Ward and Rudd, 1938; Rudd, White and Ward, 1939) for the isolation and sero- 
logical typing of streptococci, those of Ward and his collaborators were adopted. 

(a) B haemolytic streptococci were more easily recognized on the blood-agar plates contain- 
ing neo-peptone, horse serum and horse blood, recommended by these authors, than on the usual 
horse blood-agar plates containing meat infusion. Also, this medium with the addition of maltose 
in place of horse serum, was useful and reliable as a means of distinguishing streptococci of 
group A from group B and from group C or G of human origin. (Simmons and Wilson, 1941.) 

(b) Agglutinating sera were prepared by the method of Rudd, White and Ward (1939) 
except that the formalinized deposit from 5, 10 and 15 ml. volumes of broth culture was in- 
jected in consecutive weeks. Satisfactory titres were usually attained after three injections. 

(c) Satisfactory suspensions for slide agglutination were generally obtained by cultiva- 
tion at 30° C. in the tryptic digest broth of Pauli and Coburn (1937) as modified by Ward and 
Rudd (1938). Unsatisfactory suspensions were usually made workable by tryptic digestion 
with the pancreatic extract of Cole and Onslow, as recommended by V. D. Allison (unpub- 
lished) and by Ward and Rudd (1938) or with a solution of trypsin, 1 p.c. in distilled water. 
We believe that, after tryptic digestion, false agglutination seldom occurs with agglutinating 
sera adequately absorbed with heterologous strains. 

(d) The reactions of the unknown strain in serum-broth and serum-peptone-agar and in 
starch, mannitol and cellobiose indicated the agglutinative type (Table 4). The result of 
agglutination was confirmed by physiological tests. As previously reported, colonial and bio- 
chemical reactions assisted differentiation between closely-related serological types. 

(e) Sherman (1937) showed that aesculin broth was of possible differential value with 
group A strains. Following the successful use of a modified aesculin broth in the classification 
of group C strains of human origin (Simmons and Keogh, 1940) aesculin broth was used as : 
further differential medium for group A strains. We confirmed the results of Sherman, but 
were unable to develop a medium which gave consistent results within 24 or 48 hours. Most 
strains split aesculin slowly. 

(f) Fuller and Maxted (1939a, 1939b) believed that type 3 differed from other types in 
not forming hydrogen peroxide; by colony selection, however, Hadley and Hadley (1940) 
obtained variants which formed hydrogen peroxide. Our only type 3 strain, ‘‘ Lewis’’, sent 
to us by Dr. Griffith, behaved similarly. All other types except ‘‘Stewart’’, of which 30 strains 
were examined, produced peroxide on benzidine blood-agar or chocolate agar. 

Distribution of types isolated from various sources. Table 1 shows the sources and type- 
distribution of the 1,341 strains collected during 1937-40. None of the nine types of Griffith 
(1934) mentioned at the foot of the table has been met. Of the 13 new ones, four, types 
‘““Wade’’, ‘*Gerrard’’, ‘‘ Hooper’? and ‘‘ Krone’’, were established in Sydney by Rudd, White 
and Ward (1939); ‘‘ Hooper’? and ‘‘ Krone’? types have not been isolated by us in Melbourne; 
the remaining nine vere recognized in this laboratory. 

Certain types were associated predominantly with certain diseases, whereas other types 
were associated indifferently with various diseases. 

In Melbourne, types 2, 17, ‘‘Wade’’ and 11 were the predominant searlatinal types, 
whereas 6, ‘‘Stewart’’, ‘‘Hempston’’, 27 and ‘‘Alli’’ were the predominant types in both 
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TABLE 1. 


Lhe numbers and sources of the strains of Griffith’s and local serological types collected in 
Melbourne, 1937-40. 
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1 —- l 3 7 4 — 4 31 
2 103 1 11 — —- 85 10 210 
4 4 2 11 18 1 3 1 42 LH 
5 iis one on ned 2 - ~ 2 E 
6 6 ] 38 6 1 12 2 38 — 123 
8 — _ — 2 — — — _— 3 5 
9 — — l 10 l 1 — 7 — 20 ‘All 
10 2 1 — 9 — — - 1 — 13 
1] 20 5 6 9 3 1 4 13 2 63 
12 — 1 5 7 2 — — 12 6 33 
17 78 3 6 2 1 ] — 1] — 102 
19 4 — — — — — 4 ‘Col 
22 ] : 5 3 18 1 ] -- 33 
23 ) — 3 + 6 ] 6 4 29 
25 l -= ~ coms “ mea 1 
27 2 17 10 2 3 2 18 7 61 
28 bas : l _ 2 — 2 5 
Wade 39 126 4 16 _ 3 1 17 206 
Stewart — 24 _ 3 — 9 14 2 52 
Hempston I 3 23 27 3 1 14 4 76 
Alli 4 — 13 6 — 2 8 34 
Coleman — — 5 3 1 l _ ] 3 14 M 
Murphy — — 2 3 2 1 3 5 3 19 = 
Doyle - ~~ 4 — 2 l 3 - 10 
John 2 l 2 3 1 1 5 - 19 
Woodbury 1 3 _- — 6 --- 1 - 1] 
Coghlan - — — — — — t ] - 5 ‘Do; 
Gerrard 2 3 — 1 — - ~- : -= 6 
Untyped 12 10 10 7 13 5 11 25 19 112 
Total 285 163 189 158 71 39 150 221 65 1,341 ‘Jol 
* We are indebted to Dr. W. Gilmour for sending us these strains which were isolated in 
Auckland, New Zealand. ‘Wo 
Griffith ’s types 7, 16, 20 and 21 are not of group A. 
No strain was isolated of Griffith’s type 3, 13, 14, 15, 18, 24, 26, 29 or 30 or of type 
‘*Hooper’’ or ‘‘ Krone’’ established by Rudd, White and Ward (1939) in Sydney. 
excised tonsils and surgical lesions; types ‘‘ Wade’’, 11, 12, 17 and 2, however, were not un Cos 
common in surgical lesions. Of the ‘‘surgical’’ types, neither type ‘‘Stewart’’ nor type 27 
was found in searlet fever, and types 6, ‘‘ Hempston’’ and ‘‘ Alli’’ were found in only 11 out 
of 285 searlatinal patients. It is possible that in these 11 cases more than one type was pre- ‘Ger 
sent on the plate, and the single colony selected was not the cause of the attack of scarlet 
fever. 
TABLE 2. 
The distribution, among certain of the serological types, of the strains found in Melbourne in 
scarlet fever, excised tonsils or surgical lesions. 
**Searlatinal’’ types. ‘*Surgica!l’’ types. 
No. of Types 6, Stewart, 
Source. typed strains. Types 2, 17, Wade, 11. Hempson, 27, Alli. 
Scarlet fever 273 240 (88 p.c.) 11 (4p.e.) 
Excised tonsils 179 27 (15 p.c.) 115 (64 p.c.) 
Surgical lesions 196 51 (26 p.c.) 92 (47 p.c.) 
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The sources, clinical distribution and characters of the new serological types represented in our collection. 


‘eWade?? 


@*Alli’’ 


‘Coleman’’ 


‘Murphy’’ 


° Doy le’’ 


‘John’’ 


‘Coghlan ’’ 


‘Gerrard’? 








‘‘Hempston’’ 


‘Woodbury’ 


No. of 
Ty;e. strains. 
206 


76 


14 


19 


two groups in Melbourne. 


Source. 
Rudd, White and 
Ward (1939), Syd- 
ney: scarlet fever. 


Dr. Hilda Gardner, 
Melbourne: pus. 


Melbourne: excised 


tonsils. 


Miss H. Butler, Mel- 
bourne: vaginal swab 
of patient with 
puerperal pyrexia. 


Miss H. Butler, Mel- 
bourne: vaginal swab 
of patient with 
puerperal pyrexia. 


Dr. Hilda Gardner, 
Melbourne: nasal 
swab. 

Melbourne: throat 


swab. 


Melbourne: — scarlet 
fever. 

Miss H. Butler, Mel- 
bourne: vaginal swab 
of patient with 
puerperal pyrexia. 


Melbourne: throat 
swab. 
Rudd, White and 


Ward (1939), Syd- 
ney: scarlet fever. 


Distribution. 


In 5 p.c. of patients with scarlet 
fever in Sydney (Rudd, White and 
Ward (1939), 10 p.c. in Melbourne, 
82 p.c. in Adelaide. Also in excised 
tonsils and surgical lesions. 

In excised tonsils and surgical 
lesions; not isolated in scarlet fever. 


In excised tonsils and _ surgical 
lesions; in 4 patients with scarlet 
fever. 
In excised tonsils and _ surgical 
lesions; in 4 patients with scarlet 
fever. 


In excised tonsils and surgical 
lesions; not isolated in scarlet fever. 


In excised tonsils and surgical 
lesions; not isolated in searlet fever. 


In excised tonsils and surgical 
lesions; not isolated in scarlet fever. 


In scarlet fever, excised tonsils and 
surgical lesions. 

In puerperal fever, scarlet fever and 
in one surgical lesion. 


In throat swabs from healthy sub- 
jeets and in one patient with ton- 
silitis. 
In 3 p.c. of patients with scarlet 
fever in Sydney (Rudd, White and 
Ward, 1939) ; rarely in scarlet fever 
in Melbourne and Adelaide. 


Remarks. 

Type ‘‘Wade’’ is closely related sero- 
logically to type 9; it is related sero- 
logically to type ‘‘Stewart’’ also, but 
differs from this type in fermenting 
starch. 

Type ‘‘Stewart’’ is related serologic- 
ally to types 9 and ‘‘ Wade’’; it differs 
from these types in not fermenting 
starch. It differs from all other types 
in not forming hydrogen peroxide. (See 
text, paragraph (f)). 


Type ‘‘Alli’’ is related serologically to 
types 8 and 10. It differs from type 8 
in fermenting cellobiose and from type 
10 in its growth in serum-broth and 
serum-peptone-agar. 

Type ‘‘Coleman’’ is related serologic- 
ally to types 8 and 10 from which it 
differs in fermenting starch and cel- 
lobiose. It is the only type which gives 
compact colonies in serum-peptone-agar 
but no opalescence in serum-broth; it is, 
therefore, the only exception which we 
have met to the presumptive test for 
group A streptococci of Ward and Rudd 
(1938). 

Type ‘‘Murphy’’ is related serologic- 
ally to type 28 from which it differs in 
not fermenting starch and in its growth 
in serum-peptone-agar and serum-broth. 


, 


Type ‘‘Doyle’’ is related serologically 
to type 28 from which it differs in not 
fermenting starch and in its growth in 
serum-peptone-agar and° serum-broth. 


Table 2 emphasizes this broad difference in the distribution of the streptococci of these 
Common ‘‘searlatinal’’ types readily caused either scarlet fever 
or pyogenic lesions, whereas the common ‘‘surgical’’ types rarely caused searlet fever. 

The origin and distribution of the local types not included in Griffith’s types. 
shows the sources and the clinical distribution of the local serological types. 
gically identical with any of Griffith’s types, although some were distinguished from some of 
Griffith’s types only with difficulty by absorption of the type agglutinating sera. 
differences in growth in serum-peptone-agar and serum broth (Ward and Rudd, 1938) or in 


Table 3 
None is serolo- 


Sometimes 
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fermentation reactions pointed to serological differences in closely-related types. These re- 
actions are shown in Table 4, which extends and corrects the table previously published 
(Keogh and Simmons, 1940). We suggested that type ‘‘Hale’’ was probably identical with 
Griffith’s type 23; reciprocal absorption tests confirmed this. Type 23 (Griffith’s strain 
‘*Barts 102’’) is serologically and culturally distinct from type 17 (Griffith’s strain 
‘“Beatty’’). Asa result of experience with larger numbers of strains, other corrections have 
been made in the table previously published. Type 10 does not ferment starch. We now have 
strains of type 9 which appear as the rough coherent colony of Griffith (1934) or the ‘‘F’’ 
variant of Ward and Lyons (1935) and of Ward and Rudd (1938). This colony type differs 
from the ‘‘mucoid’’ type previously seen by growing as a ‘‘compact’’ colony in serum-pep- 
tone-agar instead of as a ‘‘feathery’’ colony. 


TABLE 4. 


The differential reactions of group A streptococci, including the new serological types tentatively 
established in Melbourne and Sydney. 


peptone agar. 
Opalescence 






Fermentation of Griffith ’s 
Types isolated in Australia. Mannitol. Starch. Cellobiose. type strains. 
2,9 + + 2,9, 28 
**Coghlan’’ + 
1 + = 1 
6 + ( ) 6,17 
10, §* Doyle’’ 15,10 
. a re 13 

5, 12, 17, 19, 27,‘ Hempston’’, F 3, 5, 11, 14, 18 

“*Murphy’’ 19, 24, 26, 29, 50 
4, 28, ‘*‘Wade’’,9 © + + + 4 
23 C + + 5 23 
11, 12, 27, ‘*Stewart’’,‘* Alli’’, C + aa 12, 25, 37 

** John’’, ‘*Gerrard’’ 
22, 8, ‘‘ Hooper’’ by + 8, 22 
** Krone’’, ‘Woodbury ”’ C + + (—) 
**Coleman’’ C + + 


(—) These strains may ferment cellobiose from the fifth day. 
F = feathery colony. C = compact colony. 


Type distribution of strains isolated from patients with scarlet fever in various countries. 
Table 5 shows the predominant types of Streptococcus pyogenes isolated from patients with 
scarlet fever in various countries. In London types 1, 2, 3 and 4 have been responsible for 
most cases of scarlet fever for the past 13 vears; the order of these four types has varied at 
different times. In Edinburgh in 1933 type 5 was found more often than types 3, 1, 2 or 4. 
In 1938, however, type 5 was not found at all; type 1 predominated and types 4, 2 and 3 were 


TABLE 5. 


The predominant types of Streptococcus pyogenes isolated from patients with scarlet fever in 
various countries, 


Authority. Predominant scarlet fever types. 
Ministry of Health (1937), London, 1926-36 1.2,3,4 
Griffith (1934), England ,2,3,4 
Green (1937), Edinburgh, 1933 2.1.2.4 **C" 
Kodama et al. (1937), Tokyo, 1936-7 5, a 
Kodama et al. (1938), Tokyo, 1937-8 , 4,2, 10 
by ay age 


,4 6, **Wade’’ 


1 
5 
1 
8 
Gundel and Wustenberg (1937), Gelsenkirchen 4.4 
White et. al. (1939), Sydney, 1936 1 
1 
1 
» 


a, a 
White et al. (1939), Sydney, 1938 1, 4, 17, ‘* Wade’’, 1 
Neisser (1939), London , 2,4, 3 
Bailey (1939), Chicago, 1934-5 2, 3,6 
de Waal (1940), Edinburgh, 1937-9 . 2 2.4 
Present series, Melbourne, 1938 2,17, ** Wade’’, 11 


Present series, Adelaide, 1938-9 **Wade’’ 
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common. In Tokyo in 1936-37 the common types were 1, 2, 3 and 4, but, a year later, types 8 
and 10 were prominent. In a German town type 5 was found with types 1, 2, 3 and 4. In 


Sydney types 17, 11, 4, 6 and a type not included in Griffith’s classification, type ‘‘Wade’’ 
were commonest, whereas types 2 and 3 were not found at all; two years later type 6 had dis- 
appeared and type 11 was found more often than any other type. In Chicago in 1934-35 types 
2,3 and 6 were commonest. In Melbourne for the past three years types 2, 17, ‘‘Wade’’ and 
11 have predominated, whereas type 1 has never been found. In Adelaide type ‘‘Wade’’ has 
been isolated from 82 p.c. of scarlatinal patients. 

The sudden appearance of type 8 in Tokyo and of type 11 in Sydney as epidemic types 
and the predominance of type ‘‘Wade’’ in Adelaide are interesting. It is not known if type 
‘*Wade’’ or other local types occur outside Australia and New Zealand. 


SUMMARY. 


1,541 strains of Streptococcus pyogenes (Group A) from various human 
sources have been examined ; 1229 have been serologically typed, 112 remain un- 
typed. 

Some of the technical methods used in the isolation and typing of Str. pyogenes 
are discussed. 

The same serological types were common to tonsils removed at operation and 
surgical lesions. These *‘surgical’’ types were rare in scarlet fever ; the types com- 
mon in searlet fever, however, were found in 26 p.c. of surgical lesions. 

The origin, distribution and characters of 13 new serological types, tentatively 
established in Sydney or Melbourne, are stated. 

The type distribution of scarlatinal strains in various countries is discussed. 
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The classical ‘‘two-stage’’ hypothesis of the mechanism of agglutination rele- 
gated the action of the electrolyte to the second stage of the reaction, but recent 
work shows that electrolyte also exerts a powerful influence on the first stage. Dun- 
ean (1934, 1937) showed that the zone of maximal antibody fixation approximated 
to the salt optimum, and that the antiserum /suspension ratio of the antibody opti- 
mal mixture varied with the concentration of sodium chloride. With a smooth 
strain of Br. abortus (Pandit and Wilson, 1932) and a corresponding antiserum 
the author (Platt, 1938) found that the serum /suspension optimal ratios remained 
constant for a wide range of salt concentrations. Using a similar system, Miles 
(1939) demonstrated a slight shift in the serum /suspension ratios with change in 
salt concentration. To elucidate these discrepancies investigations were made on 
the action of sodium chloride in two systems, viz. (i) suspensions of Br. abortus 
and the serum of a cow with brucellosis; (ii) an H-suspension of Bact. typhosum 
and a Bact. stanley antiserum. 


EXPERIMENTAL WORK. 
A. Preparation of Reagents. 


Suspensions. Two suspensions of Br. abortus were used, viz. (i) the original suspension 
(see Platt, Joc. cit.), and (ii) a similar suspension prepared from the same strain one year later. 
This strain was still salt-stable, though not entirely dependent upon CO. for growth. Before 
use in the electrophoresis experiments, the original suspension was washed three times in dis- 
tilled water without observable effect upon the salt-antigen-antibody relationships. 

A 24-hour culture of Bact. typhosum (No. 302, Cambridge) was washed off in distilled water 
and killed by heating at 55° C. for 30 minutes. After three washings in distilled water the 
organisms were suspended in 0-25 p.c. formalin and the suspension was dialysed for 48 hours. 

Antisera. The original Brucella and dialysed Bact. stanley antisera were used. Against a 
Bact. typhosum suspension (500 X 106 org. per ml.) the Bact. stanley antiserum. gave complete 
agglutination at a final dilution of 1/10,240. 

Electrolyte. Pure sodium chloride (A.R.) was made up in doubly distilled water and will 
be referred to as ‘‘salt’’. 


B. The Effect of Sait upon the Agglutination of Br. abortus by the homologous Antiserum. 


The results of most of these observations were recorded in a previous paper. Two addi- 
tional experiments are recorded here. 

The effect of salt upon the combination of antibody and antigen. The amount of antibody 
remaining free after absorption of a series of antiserum dilutions by a 1,000 X 106 org. per 
ml, suspension at various salt concentrations was titrated against a light suspension (500 X 106 
org. per ml.) in M/14. At a 1/175 antiserum dilution the maximum amount of antibody 
was absorbed in the presence of 2M/7 salt, or the salt optimum for that particular serum/ 
suspension ratio. When the test was repeated in the presence of normal serum the maximal 
antibody absorption occurred with M/14 salt which was also the salt optimum. With higher 
dilutions of antiserum the amount of free antibody was too small for titration. The results 
support Dunean’s conclusion that the zone of maximal antibody absorption approximates to 
the salt optimum. 





1 The results presented here were submitted for the Ph.D. degree of the University of 
Cambridge. Owing to the state of emergency it has been necessary to present them here in 
an abbreviated form. 
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The influence of age of strain on the effect of salt upon the antigen and antibody optima. 
In the determination of all optima a modification of the illuminated water bath deseribed by 
Miles (1933) was used. In this bath provision was made for maintaining (i) the tubes con 
stantly under observation, (ii) adequate convection currents in the tubes. The details may 
be seen in Fig. 1. 



























































Fig.1. Illuminated water bath used in the determination of various optima. 


In a series of constant antigen titrations at M/7, M/14 and M/28 salt, the antibody opti- 
mal serum/suspension ratio remained constant over a wide range of antigen concentrations at 
M/28 salt only. At higher salt concentrations the optimum moved to higher serum/suspension 
ratios with dilute suspensions (less than 4 X 109 org. per ml.). The antigen optimum showed 
a slight movement to higher serum/suspension ratios with the two higher concentrations of 
salt. 


C. The Effect of Salt upon the Agglutination of Bact. typhosum by Bact. stanley Antiserum. 


The effect of various salt concentrations on the end-point of agglutination. The Bact. 
stanley antiserum was titrated at various salt concentrations against a suspension (500 X 106 
org. per ml.) of Bact. typhosum. Readings were made after two hours at 55° C. and overnight 
in the refrigerator. The highest end-point titre was obtained at M/28 and M/56 salt. With 
less salt there was a marked falling-off in titre, and M/896 was about the minimum concen- 
tration capable of producing agglutination under the test conditions. 

The effect of salt upon the antigen optimum. An antibody optimum was not obtained. 
Experiment showed that it lay in the zone of gross antibody excess. As found by Duncan the 
antigen optimum was sensitive to salt. At M/7 salt, 3 X 109 organisms contained in 1 ml. 
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TABLE 1. 
The salt optima of a number of mixtures of Bact. typhosum suspension and Bact. stanley 
antiserum, 











Ratio No. 
organisms 
Suspension to 1 ml, " a 
No. organisms Antiserum antiserum Salt concentrations. 
per ml. X 106 dilutions. x 1011 M/14 M/28 M/56 M/112 M/224 M/448 M/896 
2,000 1/400 s + 
1/800 16 +———+ 
1/1600 32 + 
1/3200 64 / 
1/6400 128 4. 
1/12800 256 
1,000 1/400 4 +. 
1/800 8 4. 
1/1600 16 +——+4 
1/3200 39 / 
1/6400 64 4. 
’ 1/12800 128 2 es: o 
500 1/400 2 +. 
1/800 4 + 
1/1600 8 |. 
1/3200 16 -. 
1/6400 32 + 
1/12800 64 4+-——+ 
250 1/400 1 + 
Uy 1/800 9 +4. 
1/1600 4 - 
1/3200 8 + 
1/6400 16 + 
1/12800 32 ~ 
+ indicates the position of the salt optimum. 
M/14 
M/28 
4 M/56 
< 
PD 
M/112 
M/224 


1/400 1/800 1/1600 1/3200 1/6400 1/12800 


Fig. 2. Showing change of salt optimum with increasing antiserum dilution for various 
suspension/serum ratios of Bact. typhosum and Bact. stanley antiserum. Mean curve in heavy 
lining. 
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flocculated optimally with an equal volume of antiserum diluted 1/400—a ratio of 12 X 100 
organisms to 1 ml. antiserum. At a serum dilution of 1/3,200 in the same salt concentration, 
75 X 107 organisms gave optimal flocculation—a ratio of 24 X 1011 organisms to 1 ml. anti 
serum. 

The salt optima of serum/suspension mixtures. The results are given in Table 1. From 
these results the salt optima of a series of suspension/serum ratios for various antiserum dilu 
tions were calculated. In Fig. 2 these values have been plotted against antiserum dilutions. 
The smooth curves for mixtures with suspension/serum ratios equivalent to, and greater than 
8 X 1011 organisms per ml. of antiserum approximate to a general smooth curve which may be 
taken as illustrating the behaviour of a wide range of suspension/serum ratios. Over a rela- 
tively wide range of antiserum dilutions the optimal salt concentration is approximately in- 
versely proportional to the antiserum concentration. With higher degrees of sensitization the 
compounds behave differently. 

In view of the known relationship between the zone of maximal antibody fixation and the 
salt optimum, the effect of ‘‘correction’’ of the salt concentration upon the antigen optimum 
was noted. Preliminary experiments suggested that a mixture containing 3 X 109 organisms 
per ml. and antiserum diluted 1/400 was the antigen optimal suspension/serum ratio. The salt 
optimum of this mixture as well as of others prepared from a series of twofold dilutions of anti 
serum and of suspension, thus possessing the same suspension/serum ratio, was determined. 
The results are given in Table 2. When the antigen optimum was again determined with the 
salt concentration corrected for each antiserum dilution the optimum remained constant over 
a wide range of antiserum dilutions (Table 3). Because of the high dilutions of antiserum, 
which for practical reasons it was necessary to use, the degree of antibody absorption could 
not be studied. 


TABLE 2. 
The salt cptimum of a series of mixtures of Bact. typhosum and Baet. stanley antiserum, 
Ratio No. 
organisms 
Suspension to 1 ml. 
No. organisms Antiserum antiserum Salt concentration Salt 
per ml. X 106 dilutions. x 1011 M/14 M/28 M/56 M/112 M/224 M/448 M/896 Optimum. 
3,000 1/400 + + x— tr. f.tr. M/84 
1,500 1/800 + xz——-E tr. f.tr. M/42 
750 1/1600 + = + tr. v.f.tr. M/28 
ae 
s 


ay 


375 1/3200 x + M/28 
187-5 1/6400 x ——x - - M/42 
93-75 1/12800 x - - M/56 


xX indicates position of optimum. 


It It t+ 


TABLE 3. 


The effect of correction of salt concentration on the antigen optimal ratia of Bact. typhosum 
suspension and Bact. stanley antiserum. 


Suspension. 
Antiserum No. organisms X 106 Salt 
dilutions. 3,000 500 750 375 187-5 = 93-75 concentrations. 


1/400 x _ + oe M/84 
1/800 + x + + M/42 
1/1600 + + aa tr. M/28 


1/3200 f.tr. tr. tr. f.tr. M/28 


1/6400 x tr. M/42 
1/12800 7 wiir. x M/56 


x indicates position of optimum. 
D. Electrophoresis. 


This section of the work was undertaken to correlate, if possible, the results of the ob- 
servations detailed above and in the previous paper with the effect of salt upon the electro- 
kinetic potential ¢ and the charge density o. 

Technique. The moving boundary method proved entirely satisfactory with both suspen- 
sions. The type of apparatus used (see Fig. 3) was a modification of that described by Nerth- 
rop and Cullen (1921-22) and was made by Mr. R. H. Oliphant, of the Physics Department, 
University of Adelaide. The inclusion of terminals (D) in the lower end of each arm of the 
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U-tube made possible an accurate determination of the potential drop through the instrument. 
Current was supplied to the zine electrodes from dry batteries at 120 volts. 

The ¢-potential was calculated from the Helmholtz-Lamb equation relating velocities and 
potential. The charge density ¢ was then calculated from the formula relating charge density 
and the ¢-potential (see Abramson, 1934). 





































i 
J 
a 
e — 
& = 
a 
; be A 
, 
Sucrose 
r : TT Electrolyte 
mi. 
' 
d 
Fig. 3. Electrophoresis apparatus. 
In preliminary experiments phosphate buffer was used to maintain the pH constant at 
‘f 7-0. The buffer, however, masked the true effect of the salt. This has been noted by other 


workers (Mr. G. Adair, private communication), and the buffer was omitted. The pH of the 
various mixtures which were prepared ten minutes before being submitted to electrophoresis 
varied between 6°8 and 7-2. 

The ¢-potential of Br. abortus and Bact. typhosum. In a large series of experiments it was 
found that the electrokinetic potential of the organisms suspended in distilled water varied 
with the density of the suspension—the denser the suspension the lower the electrokinetic 
potential of the organisms. Variation in the CO, content of the water was not responsible. 
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The effect of normal (cow) serum and immune serum on the {-potential of Br. abortus. The 
results, given in Table 4 (see also Fig. 4), show that (i) serum proteins reduced the {-potential ; 
(ii) a point of ‘‘saturation’’ was reached at 1/350 serum; (iii) in the presence of salt normal 
serum had little effect upon the potential; (iv) with antiserum the potential was lowest in the 
presence of salt at the antibody optimum; (v) in the lower antiserum dilutions the potential 
was often higher in the presence of salt than in its absence. The antiserum produced similar 
results with suspensions of 2,857 X 106 and 500 X 106, 


TABLE 4. 


The effect of normal serum and antiserum upon the electrokinetic potential of Br. arbortus 
(1,000 X 106 per ml.). 


Normal serum. Antiserum. 

Salt Velocity Charge Mean Mean Velocity Charge 
concen- Serum 4/sec./_ Potential density potential density u/sec./ Potential density 
tration. dilution. volts/em. my. E.S.U. my. E.S.U. volts/em. mv. E.S.U. 

{ 1/87-5 +555 19-6 0-621 7° 
1/175 +382 17: 0-962 
1/350 +382 17> -180 
1/700 : 23- -330 
1/1400 2-39: 30°: *442 
1/2800 2-555 32° 2-020 
nil 2-09: 26: 2-095 


+ oe 


oo 


co me TS 


{ 1/87-5 *522 6°6 116 -698 
| 1/175 “5 if 4: *551 
| 1/350 - 63! . 756 -542 
4 1/700 +617 : 729 | +! *323 
| 
| 


° 


1/1400 * 60! *6 71 *493 
1/2800 +! +f i4$ *527 
nil ‘67 8-: ¢ *670 


1/87 -5 *466 5°$ 7$ *562 
1/175 *44: 5:6 F +487 
1/350 “415 5°: 7 -356 ! 593 
1/700 540 
1/1400 595 
1/2800 772 
| nil 667 
1/87-5 
1/175 
1/350 
M/14 1/700 
| 1/1400 
1/2800 
nil 


oro 


060 
1,013 
612 
573 
776 
955 
791 





“1 
Ut ie Go Se CI 


wm bo OS tO ee 
_ 


0°33: 


+ 


A 1/700 dilution of antiserum constitutes with 1,000 « 106 organisms the antibody optimum. 


The action of antiserum was modified by the addition of normal serum in a final dilution 
of 1/350. In antiserum dilutions greater than 1/175 the potential of organisms suspended in 
water, M/56 and M/14 salt, was approximately the same. With more antiserum present the 
potential was higher with the organisms suspended in salt than in water. 

With organisms which had been sensitized in the absence of salt by overnight contact in 
the cold with antiserum and from which excess antibody had been removed by washing, the 
¢-potential of highly sensitized organisms showed no tendency, when suspended in salt, to 
exceed that of the same organisms suspended in water. 

The effect of normal (rabbit) serum and immune serum on the ¢-potential of Bact. typhosum. 
The results, given in Table 5, show that (i) both normal serum and antiserum reduced the ¢ 
potential of organisms suspended in water and very dilute salt; (ii) normal serum had no 
effect on the potential in concentrations of salt above M/56. 

The <-potential of collodion particles coated with serum proteins. Collodion particles, pre- 
pared by the method of Loeb (1922), were suspended in distilled water to give an opacity 
equivalent to that of a 2 X 109 Bact. coli suspension. Equal volumes of this suspension and 
of serum diluted 1/87-5 were mixed, and ten minutes later the electrokinetic potential of the 
particles was determined (see Table 6). 








The effect of normal serum and antiserum on the ele ctrokinetic potential of B 
(500 X& 106 per ml.). 


Salt 


M/224 


M/112 





Salt 





Nil 


M/112 


M/56 
M/28 
M/14 


y M/112 


M/56 
M/28 
M/14 


M/112 


M/56 
M/28 
M/14 





concentration. 


concentration. 


Serum 
dilution. 
1/400 
1/800 
1/1600 
4 1/3200 
1/6400 
1/12800 
nil 
1/400 
1/800 
1/1600 
1/3200 
1/6400 
1/12800 
| nil 








/400 
800 
/1600 
‘3200 
/6400 
12800 


The potential of collodion particle 


Se 


TABLE 5. 


Normal serum. 


Velocity 
“M/see. 
volts,/em. 
0-428 
0-524 
0-647 
0-965 
*032 
1-118 
1-368 
0-588 
0-632 
0-663 
0-648 
0-894 
0-894 
1-112 
0-652 
0-684 
0-684 
0-835 
0-898 
0-98] 
0-855 


—_ 


0-585 
0-572 
0-482 
0-520 
0-533 
0-663 
0-685 
0-572 
0-550 
0-613 
0-500 
0-613 
0-676 


0-562 


rum | 


Nil 
Nil 
Nil 
Nil 
Nil 
normal 
normal 
normal 
normal 
antiserum 
antiserum 
antiserum 
antiserum 


87-5. 


Charge 
Potential density 
my. E.S.U. 
5-4 
6-6 
8-2 
12-2 
13-0 
14°] 
17°3 
7°4 110 
8-0 118 
8-4 124 
8-2 12] 
11-3 168 
11-3 168 
14-0 210 
8-2 172 
8-2 172 
8-2 172 
10-5 222 
11-3 239 
12-4 262 
10-8 228 
7°4 692 
7-2 676 
6-1 570 
6°6 614 
6°7 630 
&-4 785 
8-6 811 
7°2 956 
6-9 920 
7+7 1,025 
7°6 1,006 
7:7 1,025 
R-5 1,131 
7:1 941 
TABLE 6. 


Velocity 


“/see, 


volts/em. 


“920 
-140 
°175 
+745 
181 
-796 
673 
*558 
-599 
*820 
-568 
“515 


-360 
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act. typhosum 


Antiserum. 


Velocity 
u/sec./ 
volts/em. 
0-649 
0-769 
0-968 
1-102 
1-331 
1-315 
1-368 
0-632 
0-725 
0-739 
0-884 
0-848 
0-916 
1-112 
0-551 
0-551 
0-627 
6-640 
0-632 
0-753 
0-855 
0-440 
0-466 
0-466 
0-478 
0-602 
0-542 
0-685 
0-264 
0-307 
0°377 
0-334 
0-377 
0-460 
0-562 


Potential 


millivolts. 


24- 
52: 
40- 
34- 
97. 


- 


—_ 
SS le “15 bo to 


ba | 
Or ors Co 


Potential 


mv. 


6- 


* 2 


s coated with serum proteins. 


ors bo we 


> 9 


rrgn SOOO) 


“1 Ot ee de oe co tO 


_ 
= 


9 


Charge 
density 
2.8.0. 


Charge density 


g.8.U. 


1,305 
4,160 
4,950 
5,460 
212 
794 
932 
1,416 
218 
688 
862 
849 
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DISCUSSION. 

In the process of agglutination by antibody the bacterial cells become aggre. 
gated into clumps which, by virtue of their mass, overcome the thermodynamic 
forces holding them in suspension and they settle out. The phenomenon is gener- 
ally explained in terms of one or other of the two major hypotheses, viz.: (i) the 
‘‘two-stage’’ hypothesis and (ii) a modification of Marrack’s lattice theory of pre- 
cipitation. 


g 


Aqua 


1/87°5 1/17: 1/350 1/700 /1400 1/2800 0 


Fig. 4. Showing effect of antiserum on the electrokinetic potential of Br. abortus. Sus- 
pension = 1,000 X 106 organisms per ml. 


The ‘‘two-stage’’ theory states that, in the process of sensitization, the or- 
ganism absorbs globulin which becomes denatured. This produces a change in the 
bacterial surface from hydrophile to hydrophobe with consequent sensitivity to the 
floceulating action of electrolyte (see Northrop and de Kruif, 1921-22; Eagle, 
1930). The ‘‘coated’’ organisms, like any denatured protein, then flocculate non- 
specifically. 

This theory depends for its validity upon two points, viz. : (i) ‘‘denaturation’’ 
of the surface globulin film and (ii) sensitization producing a hydrophile to hydro- 
phobe change. The term ‘‘denaturation’’ usually implies certain definite altera- 
tions in the structure of the protein molecule which render it hydrophobe. This 
process is irreversible. The change, if any, which occurs in the antibody molecules, 
however, is reversible to some extent. Antibody fixed by antigen can be ‘‘eluted’’ 
under favourable conditions, and appears unaltered by the procedure. Astbury 
(quoted by Marrack, 1938) examined the globulin in two specific precipitates from 
antipneumococcal sera by X-ray analysis and found no evidence that the proteins 
had changed from the globular form. 
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Certain changes, which cannot be placed under the heading ‘‘denaturation”’ 


may occur in protein molecules. Abramson (1934) defined this process as ‘‘ surface 
denaturation’’, and it is indicated by a slight shift in the isoelectric point of the 
protein. This still implies a change from hydrophile to hydrophobe. Sensitization 
is not always accompanied by this change in surface character. Mudd and Mudd 
(1927) showed that acid-fast organisms changed from a hydrophobe to a hydro- 
phile state in the process, ‘‘ wettability’’ by oil and by water being the criterion of 
the two states respectively. 

Marrack’s lattice theory, modified to suit the requirements of a system wherein 
the antigen molecules constitute part of a cell surface, implies the specific linking 
of organisms by antibody molecules (see Topley and Wilson, 1936) Marrack 
(1938) does not accept this view and believes that the second stage of the reaction 
is non-specifie in character. It is too early to decide between these two hypotheses ; 
nor need we reject one entirely in subscribing to the other. 


o 
E.S.U. 


M/56 M/28 M/14 M/7 
SALT 


Pig. 5. The ¢- and o- salt concentration curves for Br. abortus. Complete line indicates ob- 
served values. Broken line indicates calculated values. 
{- potential. 


It is convenient to discuss the phenomenon as occurring in two stages, viz.: (i) the fixa- 
tion of antibody; (ii) the formation of aggregates. At the moment of mixing, the cells and 
antibody molecules are surrounded by ‘‘ionic atmospheres’’ characteristic of the surface 
responsible for their existence. The algebraical sum of these is a measure of the foree pre- 
venting fixation of antibody. As the cell surface becomes covered with protein the force 
becomes modified until at the point of complete surface ‘‘saturation’’ it approaches the alge- 
braical sum of those forces existing at two protein surfaces. The forces keeping two cells 
apart also vary with the degree of sensitization. With light sensitization the charging process 
approximates to that of free cells, with maximum sensitization to that of protein. 

In this hypothesis emphasis has been laid on electrokinetic phenomena as the cause of 
stability of a bacterial suspension. Early observers (see Northrop and de Kruif, loc. cit.) noted 
this and studied the effect of electrolyte upon the stability of suspensions of sensitized and 
unsensitized cells. These observations are applicable only to the second stage of agglutina- 
tion. Dunean’s observations indicated that similar effects were operative in the first stage. For 
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technical reasons it was not possible in most instances to determine the ¢-potential at concentra- 
tions of salt greater than M/14. The rate of decrease of potential with increase in salt in- 
dicates that relatively high concentrations are required to reduce ¢ to less than 1 mv. Extra- 
polation of the ¢-potential curve suggests that this point would be reached at M/7 salt (see 
Fig. 5). On this assumption the o-concentration curve reaches a maximum between M/14 and 
M/7 salt and falls rapidly with further increase in salt concentration. 

Similar information regarding antibody is lacking. Even with adequate quantities of 
pure antibody globulin technical difficulties would render the determination of ¢- and o-con- 
centration curves very difficult. In measuring the electric mobility of proteins, buffer solu- 
tions or dilute acids are invariably used to stabilize the potential gradient across the boun- 
dary. The effect of a single electrolyte, therefore, cannot readily be observed. The difference 
in potential between the free and serum-treated collodion particles indicates that protein was 
adsorbed by these particles. In the higher salt concentrations antibody was adsorbed to a greater 
degree than normal serum protein. In both cases increase in salt caused a progressive increase 
in o. This departure from the form of the curve given by an ideal amorphous protein (see 
Abramson, loc. cit.) may indicate that the particle surface was not completely covered by 
protein, but more likely was due to a combination of factors, one of which was the mixture of 
proteins present. Support for the view that the charging process of antibody globulin is altered 
by high concentrations of salt is found in Table 3 of the previous paper. After exposure to 
2M/7 salt, antiserum agglutinated Br. abortus over a wider range of concentrations than when 
exposed to less salt. 

If charge density constitutes an obstacle to fixation of antibody by the bacterial surface 
this process should occur freely in distilled water. The results given in Tables 4 and 5 show 
that this happened with both Br. abortus and Bact. typhosum. Increase in antiserum concen- 
tration produced a progressive decrease in the potential of the organisms. This was inter- 
esting because the Bact. typhosum system was of the H. type. In the presence of salt increase 
in antibody up to the antibody optimal amount also progressively reduced the potential; with 
more antibody the potential increased and might exceed that obtained at the same serum 
concentration in distilled water. Evidence available indicates that salt is responsible for this 
phenomenon. The potential-antiserum curves for distilled water and M/56 salt diverged in 
the zone of high sensitization when Br. abortus was sensitized in the absence of electrolyte. 
In concentrations of antibody greater than the antibody optimal amount high concentrations 
of salt are necessary (with low values for o) for free fixation of antibody (see also previous 
paper). 

At an antiserum dilution of approximately 1/350 the surface of Br. abortus (1,000 106 
per ml.) reached antibody ‘‘saturation’’ point (see Table 4). This does not mean that the 
entire surface of the organism was covered by a protein film; probably the receptor groups 
only. At a 1/700 dilution (antibody optimum for 1,000 X 106 organisms per ml.) the cell sur 
faces would be about half ‘‘saturated’’; this should be the best condition for aggregation. 
Dunean (loc. cit.) found that the union of organisms in the aggregate was strongest at the 
antibody optimum. At antiserum concentrations in excess of ‘‘saturation’’ point, the number 
of bonds attaching antibody molecules to the cell surface is less than that required for firm 
union and, in the presence of electrolyte, many molecules probably break away shortly after 
making contact. This leaves the cell surface in a state of partial ‘‘saturation’’ with a poten- 
tial higher than that existing at ‘‘saturation’’ point. As a compensation, a high salt concen- 
tration is necessary to reduce ¢ and o to negligible values. 

Additional evidence of the influence of the surface charging process upon the fixation of 
antibody comes from the experiments with the second Br. abortus suspension. The serological 
optima of this suspension, prepared when the organism was probably undergoing an S—> SR 
variation (see Miles, 1939), were sensitive to salt action. ‘‘Correction’’ of the salt concen- 
tration restored the original constancy of the optima. 

Aggregation of the sensitized organisms should occur most readily at the point of half 
‘‘saturation’’. Specific linking of the cells in this state results in a fully ‘‘saturated’’ sur- 
face with a minimal electrokinetic potential. The combination of these two factors produces 
the antibody optimum. The results given above support this view. 

In view of the supposed difference in the distribution of the active antigenic groupings 
in the two systems investigated it was surprising to find such a marked degree of similarity 
in behaviour. All the Bact. typhosum mixtures had serum-suspension ratios less than the 
antibody optimal ratio. The salt optimum and ¢-concentration curves of this system corres- 
pond, therefore, with the similar curves for Br. abortus mixtures on the antigen-excess side of 
the antibody optimum. 


In addition to any theoretical value attached to observations upon the rdéle of 
salt in agglutination the findings have a practical application. Where a series of 
falling concentrations of antiserum is set up against a constant amount of bacterial 
suspension in 0-85 p.e. salt, the stabilizing forces vary from tube to tube. If this 
variation were due entirely to differences in antiserum concentration, the observed 
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result would give a true measure of the antibody content of the serum. The obser- 
vations described above and those of Bier (1931) and Dunean (loc. cit.) indicate 
otherwise. At M/7 salt the maximum end-point titre was not reached with either 
system investigated here. This would be of no significance if all strains of a species 
and all corresponding antisera had the same ‘‘salt characteristies’’. Titrations of 
different sera at any salt concentration (within limits) would then give strictly 
comparable results. At present we have insufficient information on this point, and 
the behaviour of the Adelaide strain of Br. abortus indicates the probable existence 
of this type of variation. 

Correction of salt concentration is important in the determination of the anti- 
body and antigen optima, if constancy of these over a wide range of suspension and 
antiserum concentrations be accepted as a criterion of the true optimum. It seems 
likelv also that variation in the serological optima with variation in salt coneentra- 
tion is an indication of an S— SR mutation in Br. abortus. This point needs 
further investigation. 

SUMMARY. 


The effect of salt upon the agglutination of Bact. typhosum by Bact. stanley 
antiserum was studied and the findings, together with those on Br. abortus re- 
corded in a previous paper, are interpreted in the light of the results of electro- 
phoresis experiments. 

For each mixture of suspension and antiserum there is a concentration of salt 
which produces optimal flocculation. This concentration approximates to that at 
which maximal absorption of antibody occurs. The highest end-point titre is ob- 
tained with the salt concentration which is optimal for the smallest sensitizing dose 
of antibody. 

The serological optima may show variation in the serum-suspension ratio with 
change in salt concentration. With Br. abortus this is probably an indication of 
an S— SR mutation. 

Antiserum and normal serum proteins are adsorbed by organisms in the ab- 
sence of salt, and produce a fall in the electrokinetic potential at the surface-water 
interface. In the presence of salt antiserum alone is absorbed in appreciable 
amounts which are dependent upon the relative concentrations of salt and antibody. 

An hypothesis of the réle of salt in agglutination is enunciated. The principal 
effect of salt-is to reduce to some critical level the forces preventing (i) combination 
of antigen and antibody, and (ii) cohesion of the sensitized organisms. 
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In a previous communication one of us (Ennor, 1939) showed that adminis- 
tration of anterior pituitary extracts to rabbits produced a definite diminution in 
the reduced glutathione (GSH) content of the liver. In addition, such treatment 
decreased the rate of oxidation of GSH in saline extracts prepared from liver 
tissue. Similar experiments with rats revealed that whilst a decrease in the GSH 
content of the liver was produced, no effect upon the oxidation mechanisms was 
discernible. This is possibly due to the rapid oxidation rate of GSH which was 
originally described by Hopkins and Elliott (1931-32) and was confirmed in our 
experiments. Many experiments were carried out using different procedures, but 
although results suggestive of an inhibition were obtained, they were in general 
inconclusive. 

Continuing these lines of investigation, it was decided to determine whether 
the administration of anterior pituitary extracts to rabbits had any influence on 
the capacity of the liver tissue to reduce oxidized glutathione (GSSG). 

Experimental. English hutch rabbits, maintained on a standard diet of cabbage, bran and 
carrot, were used. The anterior pituitary extract was of the crude saline type described by 
Ennor (1939), and contained merthiolate in a concentration of 1/1,000. Three subcutaneous 
injections, each of 5 ml., were given at 12-hourly intervals and the animals were killed 12 hours 
after the final injection. GSSG was prepared from GSH by oxidation with H.O. after Pirie 
(1931). Exeept for some modifications, our technique followed that of Hopkins and Elliott 
(1931-2). The chief difference in our method was that the extracts contained phosphate buffer 
which, under the conditions of our experiments, proved to be without effect on the reduction 
mechanisms. 

Variation of the pH from 6-8 to 7-9 was without effect on the reduction mechanisms, but 
increased acidity (pH 5-6) caused inhibition. On the alkaline side, at pH 8-6, there is also an 
inhibition. All experiments have been carried out with a M/15 phosphate buffer system at 
pH 7-6. 

Experiments with anterior pituitary extract. The animals treated with anterior pituitary 
extract were killed by a blow on the head and exsanguinated by division of the carotid artery. 
In the liver samples the initial GSH content, the GSH content after the experimental period, and 
the GSH content after the experimental period following the addition of GSSG were determined. 
GSH determinations were carried out by the method of Woodward and Fry (1932). Two types 
of extract were used (i) an extract of freshly collected pituitary glands, and (ii) an extract 
prepared from acetone-dried glands which, prior to drying, had been stored from 3-5 months at 
0° C. In all eases sterility tests were carried out on the extracts and it was found that in the 
presence of merthiolate a sterile condition was maintained for at least 48 hours, after which 
time the extract was discarded. 

The results obtained, using animals subjected to various treatments, are summarized in 
Table 1. 

From the figures shown in normal animals treated with anterior pituitary extract, it is 
apparent that this has had no effect upon the rate of reduction of added GSSG. On the other 
hand, as can be seen from columns (a) and (b), there is a definite formation of GSH in animals 
treated with extract. This indicates that, whilst the excised liver tissue of untreated animals 
contains no GSSG, this compound does exist in livers of treated animals. Attempts to estimate 
directly GSSG content were unsatisfactory. The method of Zn reduction and subsequent iodate 
titration was tried but in common with other workers we found that it was impossible to obtain 
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TABLE 1. 
Increase in GSH in mg. per gm. of liver after 3 hours’ incubation at 37° C. 
Normal controls. Injected with anterior pituitary extract. 
(i) Fresh glands. (ii) Old glands. 
No GSSG 50 mg. GSSG No GSSG 50 mg. GSSG No GSSG 50 mg. GSSG 
added added added added added added 


(a) (b) 
0 (18) 2-6 (18) 0-4 (15) 2-8 (15) 0-5 (7) 3°2 (7) 
Toxaemic animals. Adrenalectomized animals. Adrenalectomized + extract. 
0-4 (6) 2-7 (6) 0-0 (6) 2-4 (6) 0-7 (5) 3°3 (5) 


Figures in parenthesis indicate number of experiments performed. 


good recoveries of added GSSG. In this connection Dohan and Woodward (1939) suggest that Zn 
is unable to reduce GSSG in a protein filtrate. An electrolytic reduction method described by the 
above workers was also tried, but gave unreliable results. It was found that if GSSG is placed in 
the cathode compartment and reduction allowed to proceed, one obtains a recovery in excess of the 
theoretical. Using a current density of 2-2 milliamperes per sq. em. and a solution of GSH 
(50 mg. p.c.) in the cathode compartment, we have found that aliquots withdrawn at 10-minute 
intervals for iodate titration gave values indicating a progressive rise until at the end of 30 
minutes the titre of iodate had increased by 1-0 ml. in excess of the theoretical. In view of these 
anomalous results, we have not proceeded further with estimations of GSSG, but as an index 
of its presence have determined GSH derived from the reduction of this compound, using the 
reduction mechanisms in the liver. 

In some of the earlier experiments before the use of merthiolate, contamination of the 
extract occurred and the animals developed toxic symptoms. In view of these findings, which 
naturally are not included in our results, it was thought worth while to investigate the effect 
of toxaemia on reduction of GSSG, 

Experiment. A mild diphtheritic toxaemia of 24 hours’ duration was produced in rabbits 
by the subcutaneous injection of 3 M.L.D. of diphtheria toxin. Liver mixtures were prepared 
and incubated as usual. From results shown in Table 1 the toxaemia appears to produce an in 
crease in GSH in liver samples to which no GSSG was added. This inerease, as before, is assumed 
to denote the presence of GSSG in the freshly excised tissue. No effect on the reduction of added 
GSSG is apparent. 

Experiments were also carried out on bilaterally adrenalectomized rabbits and, as shown in 
Table 1, the administration of anterior pituitary extract still produced the effects described. 

Thermolability of extracts. In an attempt to gain some information as to the fractions 
producing the described effects on glutathione metabolism we have investigated their ability 
to withstand heat treatment. Both types of extract were placed in boiling water for approxi- 
mately one hour and the usual volume of clear filtrate was injected at the customary time intervals. 
The results of these experiments are shown in Table 2. 


TABLE 2. 
Increase in GSH in mg. per gm. liver. 
Heated fresh gland extract. Heated dry gland extract. 
No GSSG added. 50 mg. GSSG ndded. No GSSG added. 50 mg. GSSG added. 

0 o° O- 
0 o° O- 
0 Zee 0: 
0 “¢ 0- 
0: 


Comparison with Table 1 indicates that the fraction responsible for the appearance of GSH 
during anaerobic incubation of chopped liver (in absence of added GSSG) is thermolabile. Thus 
experimental results shown in Table 3 are of interest. Here GSH contents of livers are given and 
also percentage decrease in glutathione in liver extracts shaken in the presence of air at 19° C, 
for 6 hours. For technique, see Ennor (1939). 
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TABLE : 
Acetone-dried gland extract. Fresh gland extract. 
Untreated. Untreated. 
Liver GSH P.c. decrease of GSH Liver GSH P.c. decrease of GSH 
mg. p.c. in extract in 6 hours. mg. p.c. in extract in 6 hours. 
300 j 150 3°5 
150 120 4-0 
120 i 200 10-0 
128 170 12-0 
Heated in boiling water for 1 hour. Heated in boiling water for 1 hour. 
280 25 350 12-0 
310 18 295 27-0 


=f 


275 16 300 10-0 


From these results it appears that the factor producing a decreased rate of oxidation of 
the tripeptide is thermostable. 


SUMMARY. 

GSSG is present in the livers of normal and adrenalectomized rabbits treated 
with anterior pituitary extract and suffering from toxaemia. 

Rates of reduction of GSSG in livers of normal rabbits, of those receiving 
anterior pituitary extract and diphtheria toxin and of adrenalectomized rabbits, 
both treated and untreated, show no significant differences. 

Fractions of extracts responsible for (a) production of a diminished GSH 
content in the liver, and (b) appearance of GSSG are not identical with those 
producing a diminished rate of oxidation. 

At the moment no explanation can be made for the presence of GSSG in the 
treated animals since the reduction mechanisms, as far as we have been able to 
study them, appear to be quite unaffected. Indeed, its presence is rather puzz- 
ling in view of the fact that the rate of oxidation of the reduced form is slowed. 
Possibly investigations now being carried out on other oxidation mechanisms in 
animals receiving similar treatment will throw some light upon these results. 
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The role of the tick Haemaphysalis humerosa Warburton and Nuttall in the 
epidemiology of Q fever has been discussed in earlier papers of this series in this 
journal (see bibliography) ; it is a known vector. In the present paper some de- 
tails are given of its biology ; these observations were made during the course of 
the other studies mentioned above. 

Description and Host List. 


The species was originally defined by Warburton and Nuttall (1909), from specimens taken 
from the bandicoot Jsoodon macrourus Gould on Barrow Island, N.W. Australia. The same 
authors (1915) amplified their original description using material from Northern Australia and 
New South Wales. They did not describe the larva, of which the following details are now given. 

Larva (unfed). Body oval 0-6 X 0-5mm. (without capitulum). Broadest just behind 
coxae IIT. Gorged larva 1-3 X 0-75 mm. Secutum broader than long 0-24 X 0-29 mm., cervical 
grooves well marked, almost attaining the posterior border. Capitulum 0-12 mm. Article 2 of 
palps approximately equal to article 3. Hypostome with 2/2 files of 5-7 teeth. Well marked spur 
on coxa I. Coxae IT and IIT elongated, spurs minute. 

The following are additional locality and host records. 

Queensland: During the Q fever investigations we have collected specimens from Jsoodon 
torosus at Palmwoods, Woombye, Nambour, Kiamba and Moreton Island, 1937-40; Rattus rattus 
at Ipswich, XI 1937, and R. culmorum youngi at Moreton Island, IX 1938. We have received 
adults collected by Dr. Heaslip from a bandicoot at Cairns (1939). Through the courtesy of 
Dr. Roberts of the Animal Health Station, Yeerongpilly, we have examined specimens taken from 
Trichosurus vulpecula at Harrisville, XII 1910, and Springsure; Eurystomus orientalis at Mary- 
borough, XIT 1911; cattle at Rockhampton, XT 1913, and a horse at Helidon, VIT 1933. 

There are no records of the tick attacking man, but it has been found to do so when tested 
experimentally in the laboratory. 

Life Cycle. 

(i) Larvae. H. humerosa is a three-host tick, dropping off the host after engorgement at 
each successive stage of the life cycle. 

Larval ticks hatched in the laboratory were fed upon guinea-pigs at intervals ranging from 
approximately 10 to 80 days after hatching. They generally became attached to the host within 
12 hours, and the majority of them were fully engorged within 36 to 48 hours thereafter. During 
cool weather, ticks were tardy in beginning to feed and the majority of several batches tested 
remained in the enclosing capsule for 2-4 days before attaching to the host. 

Upon bandicoots captured in the bush, larval and nymphal ticks were most frequently found 
attached to the feet, hindquarters and tail. 

The time taken by engorged larvae, after dropping from the host, to moult to the nymphal 
stage varied from 14 days at a mean monthly temperature of 70-2° F. to 33 days at 58-6° F. 

(ii) Nymphae. Nymphal ticks were placed upon guinea-pigs at intervals ranging from 4 to 
$2 days after ecdysis. The majority of them attached within 12-24 hours, falling from the host 
in the engorged state after a further 48-72 hours. The minimum length of the nymphal stadium 
was found to be 14 days, at a mean monthly temperature (at Brisbane) of 70-2° F. At a mean 
monthly temperature of 58-6° F. it was 39 days. 

(iii) Adults. Adult ticks were placed upon guinea-pigs at intervals of 5-48 days after 
eedysis. The feeding of male ticks extended over a long period; ticks were removed when still 
feeding, 4 to 5 weeks after being placed on the host. They frequently changed their site of 
attachment. Bandicoots captured in the bush and brought into the laboratory always carried 
many more males than females; the males remain on hosts which the females have abandoned. 
The females were most commonly found feeding in the region of the neck and shoulders. Female 
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ticks fed upon guinea-pigs usually engorged and dropped from the host after 8-14 days, though 
occasionally individuals engorged only slowly over periods up to 26 days. 

Coupling occurred only on the host. It was commonly observed from two to four days after 
feeding had commenced. In the absence of males, females remained attached to the host, but 
engorgement was not completed. Three such partially engorged ticks were removed from an 
animal after 12 days, and 8 days later placed upon a second host. After 12 days attachment 
to the latter animal without visibly increasing in size they were removed, to die without ovi- 
positing in the succeeding week. 

Observations made on the oviposition of 20 ticks are summarized in Table 1. Ticks reared 
in the laboratory upon guinea-pigs neither attained quite the same size during engorgement as 
those fed upon the bandicoot, nor did they lay as many eggs. 

TABLE 1. 
Observations relating to oviposition. 
Number Survived after 
of ticks Pre-oviposition Oviposition Number of eggs laid. oviposition 
used, period. period. sandicoot. Guinea-pig. ceased. 
20 Mean 5-7 days Mean 13-7 days Mean 485 Mean 138 Mean 14-5 days 
Range 5-15 days Range 10-20 days Range 200-1,000 Range 50-260 Range 2-26 days 

(iv) Eggs. Observations on the rate of development of the eggs, based on 12 egg batches, 

showed that the first larvae emerged in 21 days at a mean monthly temperature of 64°5° F.; 


they took 65 days during two winter months when the mean monthly temperatures were 60-2° F. 
and 58-6° F. respectively. 
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Fig. 1. Showing the seasonal variation in the average number of adult ticks found upon 
bandicoots, in an examination of 113 animals from Moreton Island during the period of Septem- 
ber, 1938—August, 1939. 


(v) Duration of life cycle. Larval ticks were in one instance observed to live at least 72 
days. Several nymphs remained alive for 115 days, but all were dead 9 days later. Ten males 
and five female ticks lived at least 73 days. 

The time required to complete the life cycle, based on the foregoing observations, is sum- 
marized in Table 2. Under favourable conditions, such as obtain on Moreton Island and along 


the coastal scrub areas of Southern Queensland, it is probable that at least two generations occur 
annually. 
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TABLE 2. 
Time required to complete life-cycle. 


Days required. 

Shortest period. Longest period. 
Fecundated ? abandons the host, begins to oviposit 5 
Larvae hatch out after 
Larvae harden and wait for host No. 1 
Larvae remain on host 
Nymphs issue from larval skin 
Nymphs harden and wait to attach host No. 2 
Nymphs remain on host No. 2 
Adults issue from nymphal skin 
Adults harden and await host No. 3 
Adults remain on host 
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Totals 88 days 447 days 


(vi) Seasonal incidence. The results of the examination of nearly 250 bandicoots during 
the period July, 1937—July, 1940 are as follows. Adult ticks, male and female, were found during 
each month throughout the year; a well marked seasonal variation in their number was noted 
(Fig. 1). Larval and nymphal ticks were not found during the hot months (December—February ). 
They were present throughout the rest of the year, and like the adults, exhibited a marked 
increase in numbers during early spring and autumn. As the majority of animals were examined 
at the laboratory, usually two or more days after capture in the bush, the absence of immature 
ticks during the summer months may have been due to their having abandoned the host prior to 
examination. 


SUMMARY. 


An account is given of the occurrence and life cycle of the tick, Haemaphysalis 
humerosa, a known vector of Q fever. 
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